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ERRATA
To holders of Alaska Open—-file Report AOF-144: Pleage substitute the
enclosed pages 83, 84, and 105 (which may have been page 96 in an earlier
version) for the appropriate ones in your report.

Table 18 gives the chemical composition of fumarolic gas samples obtained
from sites A and C. The proportions of constituent gases are similar in the two
fumarolic areas. The dominant gas in both fields is carbom dioxide. The nitrogen
and argon are probably of atmospheric origin, and are probably dissolved in in-—
filtrating surface waters (Mazor and Wasserberg, 1965). The low concentration of
oxygen in both cases is probably due to oxidatiom of HyS and Hj.

Reservoir Propertiesg

The occurrence of the thermal springs at the base of fumarole fields in
Makushin Valley suggestsa that at least part of the spring waters may originate
as condensation of steam in surface waters, which then percolate into the
porous colluvium and country rock to eventually emerge as aprings. The high
silica content of the thermal waters, however, indicates that a large portion
of the waters must have originated from a subsurface reservoir where tempera-
tures exceed 150°C, assuming the silica is in equilibrium with quartz. Surface
waters infiltrating this reservoir may become heated on descent, causing dis-
solution of cations in the wall rock, a process aided ia part by the slight
acidity of the waters. The levels of calcium, and particularly magnesium,
relative to sodium and potassium indicate the residence time of waters in the
reservolr is too short for these constituents to equilibrate to the estimated
reservoir temperature. Silica can equilibrate rather rapidly, within several
days to a few weeks. This suggests the reservoir supplying the thermal-spring
waters lies at fairly shallow depths. The low chloride content and the
slightly acid-sulfate chemistry of the thermal waters, together with their
association with fumarolic activity, are evidence for a perched reservolr
supplied by meteoric waters that are heated by steam and volcanic gases rising
through a vapor-dominated zone from a much deeper reservoir.

Table 18. Chemical composition of fumarolic gases from Makushin Valley
thermal field (analysis in volume percent).

Site A Site C
H, 0.49 0.252
At 0.083 0.0715
0, <0.0001  <0.0001
N 7.93 5.608
cH, 0.0018 0.0308
C0,P 89 .14 91.29
H,8° 2.38 2.75

23, Weldon and R. Poreda, analysts, Scripps
Institution of Oceanography, La Jolla, Calif.
bM. Moorman, amnalyst, DGGS.

The hydrogen sulfide probably has a magmatic origin, as does as least part
of the carbon dioxide (Craig, 1963; White, 1968). An analysis of
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the ratio of SHe:%He in the fumarolic gases obtained in cooperation with R.
Poreda at the Scripps Institute of Oceanography is given below:

MV-A MV-C
(3He/%Re 4.9 6.6
(CHe/%He) AIR

An enrichment in JHe in fumarolic gases has been correlated with
magmatic activity on a worldwide basis, the source of 3KHe thought to be
derived from primordial mantle material (Lupton and Craig, 1975; Craig and
others, 1978; R. Poreda, pers. commun.). The values for the Makushin fumaroles
are within the range of other volcanic island-arc geothermal systems.

The hydrogen content of the gases is probably produced by high-temperature
reaction of water with ferous oxides and silicates contained in the deep
reservoir racks (Seward, 1974).

Table 19 gives the results of applying the D'Amore and Panichi (1980) gas
geothermometer to the Makushin fumarole samples, From the proportions of gases
present, B is chosen as 0 aud the respective reservoir tewperature estimates
are 278°C and 232°C for sites A and C. These egstimates must be used with
caution. The accuracy of this geothermometer haas not yet been generally
accepted. Furthermore, the gases have probably undergone reaction with a
shallow reservoir which may have affected their H,S and H, contents,

Despite the uncertainties in the gas geothermometers, the large flux of
steam and the probable magmatic origin of some of the fumarolic gases indicate
the existence of a high-temperature, deep geothermal reservoir.

Table 19. Gas geothermometry, Makushin Valley fumaroles
(temperatures °C).

B* Site A Site C
-7 380 316

0 278 232

7 204 169

*for explanation of B, see table 3b.
Comments

The Makushin Valley hydrothermal system is similar in most respects to the
Glacier Valley system. Both are characterized by extensive fields of mild
fumarolic activity and thermal springs low in chloride and rich in sulfate and
bicarbonate. The proximity of these fields to each other and to the active
summit caldera indicate a common source of heat underlies the volcano,
Compgrison with similar volcanic systems elsewhere in the world suggests the
origin of the hydrothermal system is a high-temperature sodium—chloride brine
overlying a cooling body of magma. Gases and steam escaping from this deep
regservoir give rise to reservoirs rich in secondary bicarbonate-sulfate at
shallower levels and to the fumarolic fields on the flanks and summit of the
volcano,
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The difference in chloride and silica contents of springs A3 and D2, the
similarity in their B:C! ratios, and the large combined flow of the springs
indicate that the deep thermal waters may be diluting in a shallow subsurface
aquifer. If so, all three geothermometers would tend to underestimate the
deep-reservoir temperature estimates. Following the method of Truesdell and
Fournier (1977), application of the quartz mixing model suggests deep-reservoir
temperatures as high as 235°C.

Comments

No geophysical exploration or exploratory drilling has yet been done near
the Akutan hot springs. Thickness of the alluvial fill in the valley is
unknown but is probably on the order of 100 wm. Bedrock underlying the valley
may be an extension of the volcanic breccia gsequence exposed along the valley
walls. If capped by hydrothermal cementation, such a porous and permeable host
rock could house a substantial hot-water reservoir at fairly shallow depths,
one that might be eagily tapped.

The linear distribution of the thermal springs suggests they are related
to a subsurface fracture system, perhaps a seismically induced break in the cap
of the hypothetical shallow reservoir. The masgive dikes that appear to
traverse the mouth of the valley may be acting as barriers to the intrusion of
gseawater into the hypothermal system.

The estimated deep-reservoir temperature of 1B0°C is sufficient for a
variety of applications, iancluding the generation of a modest amount of
electrical power, e.g., a 1-MW well-head-driven Rankine binary system. The
nearness of this hot-water system to a well-protected deep-water harbor with 2
population center and potential industrial users (e.g., fishing processors)
make the Akutan hot apring site a particularly attractive one for future
development. The ridge that lies between the site and Akutan volcano should
help provide a protective barrier from eruptions from the active volcano.

-105-
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ASSESSMENT OF THERMAL SPRINGS SITES ALEUTIAN ARC, ATKA ISLAND TO
BECHEROF LAKE -- PRELIMINARY RESULTS AND EVALUATION

By R.J. Motyka, M.A, Moorman, S.A. Liss
ABSTRACT

Twenty of more than 30 thermal spring areas reported to exdst in
the Aleutian arc extending from Atka Island to Becherof Lake were
investigated during JSuly and August, 1980. Thermal activity of three
of these sites had diminished substantially or no longer existed
(Ukinrek, Bogoslof, and Peulik). At least seven more sites where
thermal-spring activity is probable or certain were not visited
because of their remoteness or because of time constraints. The
existence of several other reported thermal spring sites could not be
verified; these sites are considered questionable.

On the basis of geothermometry, subsurface reservoir temperatures
in excess of 1509C are estimated for 10 of che thermal spring sites
investigated. These sites all occur in or near regions of Recent
volcanism, Five of the sites are characterized by fumaroles and
steaming ground, indicating the presence of at least a shallow vapor-
dominated zone. Two, the Makushin Valley and Glacier Valley thermal
areas, occur on the flanks of active Makushin Volcano located on
Unalaska Island, and may be connected to a commoun source of heat. Gas
geothermometry suggests that the reservoir feeding the Kliuchef thermal
field, located on the flanks of Kliuchef volcano of northeast Atka
Island, may be as high as 2399C.

The Geyser Bight thermal-springs area constitutes the hotrest and
most extensive hot-water hydrothermal-convective system known in Alaska.
Most of the thermal springs there, dispersed over a 4-km® area on central
Umnak Island, are at or near boiling. Deep reservoir temperatures are
conservatively estimated at 210°C and may be as high as 264°C. A geo-
thermal reservoir temperacture of 180°C is estimated for Akutan hot springs,
a l-km-long zone of 60°-80°C thermal springs with an estimated
total flow rate of 600 lmp, located 10 km northeast of the active Akutan
Volcano. The Emmons Lake hot-springs site,‘' located in a remote regilon of
the southwest Alaska Peninsula, has an estimated reservoir temperature of
178°C; discharge from the 60°C thermal springs was measured at 600 lpm.
The Mother Goose hot springs (50°-60°C), located at the base of Mc. Chig~
lnagak, an active volcano on the Alaska Peninsula, are distinguished by
thelr enormous rate of discharge (24,000 lpm) and by the mixed character
of their thermal-water chemistry. Deep reservolr temperatures at Mother
Goose are tentatively estimated at 150°C.

Five thermal-springs sites were identified to have reservoir tem~
peratures in the range of 90°-150°C: Partov hot springs, Cold Bay bot
springs, False Pass hot springs, Port Moller hot springs, and Akun Strait
hot springs.



Three sites are identified as having reservoir temperatures <90°C:
Egg Island, Kenmore, and Summer Bay. Mixing models for the Summer
Bay site, however, suggest the parent thermal water for this system may
originate from a 160°C reservoir.

The thermal-springs sites in the study region fall into three
general terrain associations: 1) those which occur on the flanks or at
the base of Recent volcanoes; 2) those systems which occur near Recent
volcanoes and/or near lineations that suggest fracture or fault control
for the thermal-spring occurrence; and 3) those systems remote from any
Recent volcanc, typically at or near the coast, and which appear to be
related to local fractures or dikes. These assoclations are reflected in
the wide variation in water chemistry of the Aleutian-arc thermal springs.
Springs directly associated with fumarole and steam fields on or unear
Recent volcanoes are characterized by extremely low chloride concentra-
tions (<530 ppm) and often low pH. Some of the near-neutral low-chloride
springs are comparatively rich in bicarbonate and sulphate and have high
levels of magnesium and caleium relative to sodium and potassium. Such
waters appear to originate from the heating of surface waters circulating
in shallow reservoirs by condensing steam and volcanic gases rich in HyS
and COy.

Thermal waters from high-temperature systems associated with inferred
deep-fracture systems such as Geyser Bight and Akutan hot springs are
typified by mild to moderate concentrations of alkali-chlorides, low
Na/K ratios, and high levels of silica. Geyser Bight and Hot Springs Cove
are also characterized by high levels of boron compared to othex Aleutian-
arc hot springs. The constituents of these thermal waters are probably
derived in large part from the interaction of hot-water with wall rocks
during long-term residence in deep-seated geothermal reservoirs. Part of
the constituents may also be of magmatic origin. Depths to such reser-
voirs are largely unknown; but based on occurrences elsewhere in the world,
they are probably 1 to 3 km deep.

Generally, thermal springs that are associlated with relatively low
subsurface temperatures and which occur at or near the coast are moder-
ately concentrated sodium—chloride waters, usually with measurable quancities
of bromide. The constituents in these waters probably originated in part
from the circulation of sea water in deep fracture systems, with magnesium
and sulphate being selectively removed in high-temperature water-rock
reactions. )

Carbon dioxide is the dominant gas present in all but onc of the nine
gas samples obtained from hot springs and fumaroles in the study area.
Mechane gas predominates at Port Moller hot springs. Notably high
proportions of hydrogen (5.9 percent) and hydrogen sulfide (1.6 percent)
were detected in samples obtained from the Kliuchef thermal field,
Enrichments of “He in gases obtained from Makushin Valley fumaroles are
tynical of island-arc settings. The excess 3He is thought to be of mantle
origzia,
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Many of the hydrothermal systems in the study region appear to
be lantimately associated with the magmatic activity. Deep reservoirs
probably reside in magmatically heated older rock formations that are
capped by late Quatermary volcanics. Thermal springs remote from
centers of Recent volcanism probably derive their heat solely from
the regional geothermal gradient by circulation along deep fracture
systems.

Three locations have been 1ldentified in this study where the
potential for developing and using geothermal energy is highly promising
to outstanding: Akutan Island, northern Unalaska Island, and northeast
Atka Island. All three areas have high-temperature (>150°C) geothermal
resources that are located near existing population centers with excellent
well-protected, deep~water harbors. Two of these centers, Akutan and
Unalaska villages, presently serve as the major supply and processing
ports for most of the American-~based Aleutian~Bering Sea fishing fleets.
The third, Atka Village, is a subsistence community and is actively seeking
an energy base for developing a local fish-processing industry. The
geothermal reservoir temperatures estimated in all three localities are
probably high enough to produce at least moderate amounts of electrical
power (l-5 MW) by using Rankine-type binary systems or by flash-steam
production. Cascaded uses are possible for direct space heating and
industrial processing.

Although the Geyser Bight geothermal resource is the hottest and most
extensive thus far identified in Alaska, the lack of protected deep-water
harbors and potential users on Umnak Island make the development of this
resource impractical at this time.



INTRODUCTION

More cthan 20 sites reported to have thermal springs in the region
extending from Atka Island on the west to Becherof Lake on the east were
investigated by DGGS during July and August of 1980 (fig. 1). 1In addition,
information regarding the existence of several other reported thermal spring
sites was obtained through personal communication with either long~time
residents of the area in question or with persons who had actively searched
for these springs. This report presents the preliminary results of the
investigations and an evaluation of the geothermal energy potential of the
1ndividual sites. Several additional thermal-spring sites are known to
exlst in this region but were not investigated because of their remoteness,
thely occurrence in one of the federal conservation unit§, or the lack of
time.

The Aleutian arc consists of the entire chain of the Aleutian Islands
and 1its structural extensions, the Alaska Peninsula, and the Aleutian Range
{(Coats, 1950). At least 76 major volcanoes occur along this arcuate belt,
extending over 2,400 km from Mt. Spurr on the east to Buldir Island on the
west. Of these, at least 36 have been reported active since 1760. The
Aleutian chain of active volcanoes lies immediately north of the Aleutian
Trench, a convergent boundary between the North American and the Pacific
lithospheric plates. This convergence produces one of the most gseismically
active belts in the world. Much of the seismicity originates from the
Benioff Zone, the subcrustal region where the Pacific plate is being actively
subducted under the margin of the North American plate along the Aleutian
Trench. With the exception of Amak and Bogoslof Islands, the Aleucian vol-
canoes all lie about 100 km above the Benioff Zone. The eruption of
Aleutian magmas appears to be inrimacely related to the subduction process.

The Aleutian arc is sparsely populated (10,000 inhabitants) and
the few villages that exist are widely dispersed (fig. 1). Atka is the
westernmost Aleut village in the Aleutian chain; regions further west con-
stitute a restricted federal wmilitary reserve area. Despite the low popu~
lation of the Aleutian arc, the continued exploitation of the rich fish-
eries of the Bering Sea and North Pacific Oceans has made the region increas-
ingly economically important. At least two of the prime centers for this
industry, Unalaska and Akutan, have particularly promising geothermal
resources nearby. The village of Atka, which has the potential of becoming
a third fishing center, also has a promising geothermal resource nearby.

Assessment work on thermal-~spring sites in Alaska is part of a joint
State of Alaska ~ U.S. Department of Energy program to determine the hydro-~
thermal resource potential of Alaska. More than 100 hot-spring sires are
reported to exist in the state, with significant concentrations and belts
of thermal springs along the Aleutian Range, in southeastern Alaska, and
across central Alaska. The first comprehensive inventory of the thermal
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springs of Alaska was published in 1917 by Waring. Since then brief sum-
maries of Alaskan thermal springs have appeared in Waring (1965), Miller
(1973), White and Williams (1975), and Muffler (1979). The most recent
comprehensive summaries of Alaska thermal spring investigatious have been
compiled by Markle (1979) and by Turner and others (19840).

The scope of the initial assgessment of geothermal resources as under-—
taken by DGGS includes: 1) investigating all thermal-spring sites pre-
viously reported but not visited or studied by a scieantific team, 2) pro-
viding up~to-date data and more detalled studies of previously investigated
sites, and 3) locating and investigating any additlonal thermal-spring sites
not previously reported. The assessment work includes reconnaissance of
site geology and hydrology, investigation of thermal-spring characteristics
including temperatures and flow rates, and geochemical sampling and analy-
sis of the rocks and thermal waters at the site. This information is used
to describe the site, to estimate reservoir temperature, to determine the
extent of mixing of thermal waters with colder waters whenever possible,
and to evaluate the geothermal energy potential of the site. As the ini-
tial investigation and assessment of thermal-spring sites in various regions
of Alaska are completed, the information compiled is released in DGGS open-
file reports. The first in this series 1s the preliminary evaluation of
thermal-spring sites in southern Southeastern Alaska (Motyka and others,
1980). The data for all the thermal-spring sites of Alaska will eventually
be compiled into a geochermal atlas. The information is also belng used
to help select specific sites with the most potential for geothermal energy
use and to formulate recommendations for follow-up studies at these sites.

USE OF THE REPORT

The purpose of this open-file report is to provide a ready reference
of detailed, current data bearing on the potemtial uses of hydrothermal
systems of the central and eastern Aleutian arc. The report is organized
into several sections so that the reader, depending on his familiavity
with geothermal resources and their methods of investigation, can use any
part of the report separately. The first section is a brief discussion
of hydrothermal convective systems. The next part deals with data acqulsi-~
tion and sampling procedures, methods and precision of laboratory analyses,
and geothermometric models. Detailed discussions of each site investigated
follow next and include the location, general description, geology, spring
characteristics, reservoir properties, and comments. The final section
provides a general summary of identified central and eastern Aleutian-arc
hydrothermal systems. For convenience, a list of abbreviations and unit
symbols used in this report is provided in Appendix A. Precision of water
analyses is given in Appendix B. A swwmary of Aleutian Arc hot spring
water chemistry is given in Appendix C.

HYDROTHERMAL CONVECTION SYSTEMS

Hydrothermal convection systems consist of a heat source, a fluid,
and a rock medium having adequate vertical permeability to allow hot,
low-density fluids to rise and more dense, cooler fluids to descend
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elsewhere in the system. In hydrothermal couvection systems, most of
the heat is transported by convective circulation of fluids rather than
by thermal. conduction through solid rocks,

Hydrothermal sysctems are classified into two main types---vapor
dominated and hot water-~-according to the phase controlling heat and
mass transfer in the deep thermal reservoir (White and others, 1971).
Vapor-dominated systems have deep reservoirs controlled predominantly
by steam, usually at temperatures ~2400C. Their surface activity is
characterized by fumaroles, acid-sulfate springs, and acid-leached
ground with hot-spring chloride levels usually below 50 ppm. Such
systems are attractive for electric power generation because they are
generally clean and normally require little more than drilling into the
steam reservoir for the development of powetr. However, vapor-dominated
systems are relatively rare and occur only under unusual geological
conditions. One example is the Geysers in northern California, which
has been used for electrical power generation for several decades. No
deep vapor-dominated systems have yet been conclusively identified in
Alaska, although several sites In the Aleutians appear to have at least
shallow vapor-dominated zones (this report).

Hot-water systemsg are dominated by circulating liquid that transfers
most of the heat and largely controls subsurface pressures, although
moderate amounts of steam may also be present; surface activity is
characterized by the presence of springs dischargilng thermal water with
chloride levels above 50 ppm and with neutral to alkaline pH. Some
hot-water systems boil at depth, and the escaping steam forms a shallow
vapor-dominated zone and causes fumaroles and acid-sulfate springs,
similar to the surficial features of deep vapor-dominated systems. Hot-

water convection systems are divided into three temperature ranges (White
and Williams, 1975):

1) High-temperature systems: reservoir temperatures are above 150°C,
Such systems can be used for a variety of applications, including
the generation of electricity, space heating, and processing. At
least five high-temperature systems have thus far been identified
in the Aleutian arc (this report).

2) 1Intermediate-temperature systems: reservoir temperatures are
between 90°C and 150°C. These systems can be used for space
heating, some industrial processing purposes, and perhaps aqua-
culture. Future technological advances may eventually make elec-
trical generation from intermediate systems practical. At least
28 intermediate-temperature systems have been identified in Alaska.

3) Low-temperature systems: - reservoir temperatures lie below 90°cC.
Such systems can be used for space heating and perhaps agri-
culture (e.g., greenhouses), but most likely only in locally
favorable circulstances. Over 80 low~temperature systems have
so far been identified in Alaska (Turner and others, 1980).

Some of these may prove to have higher temperature reservoirs
on closer examination.
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FIELD TECHNIQUES AND SAMPLING PROCEDURES

A standard procedure of sample and data acquisition was followed
at each thermal area visited. At sites having multiple springs, water
samples were normally obtained from the thermal spring with the highest
temperature and greatest discharge. At some sites more than one thermal
spring was sampled. When cold ground-water springs were found in the
immediate area, samples were normally taken for silica analysis for
subsaquent siiica mixing models.

Watey samples were collected, filtered, and treated following pro-
cedures -described in Presser and Barnes (1974). The samples were always
obtained at the spring source or as close to the source as possible.
Filtration was usually through a 0.45-micron filter. Some samples,
however, were filtered through 0.05~ or 0.l-micron filter for aluminum
and iron determinations. Thermal-water samples obtained for silica
analysis were normally diluted in a 1:10 ratio with de-ionized distilled
water to prevent precipitation and polymerization of silica as the sample
cooled. Hydrochloric acid wag used for those samples requiring acidifi-
cation.

Bicarbonate and pH were determined in the field using methods '
described by Barnes (1964). Field pH values were determined to the nearest
0.05 pR unit, The pH meter was normally calibrated against standard buffer
solutions before and after each measurement. Readings were normally
reproducible to + 0.05 pH units. Wacters were titrated with 0,0Ll639N
sul furic acid for bicarbonate determinatioas.

Water conductance is reported in micromhos per centimeter at 25°C with
a measurement accuracy of + 3 percent. The manufacturer's calibration of
conductivity cells was verified against standard solutions prior to
departure for the field.

Water temperatures and shallow soil temperatures were measured with
digital thermistor thermometers. All measurements are reported in degrees
Celsius. The resolution and accuracy of the digital thermometer are 0.05°C
and 0.1°C, respectively. Spring temperature measurements were usually made
at or as close to the spring orifice as possible,

Wherever possible, spring discharge was measured by using a pygmy flow
meter and reported in liters per minute (lpm). Accuracies of these
measurements were commonly impaired by shallow channels, low wacer
velocities, and friction in the vane bearings. At some springs the
discharge was determined by the time to fill a 4-liter bucket, When it is
not possible to measure discharge by either of these two methods, a visual
estimate was made.



A reconnaissance of site geology was normally made at each thermal
area. This entailed examination and sampling of local bedrock, determination
of local faults and fracture systems, and examination and sampling of hot-
spring deposits, if any. )

LABORATORY ANALYSES: METHODS USED AND PRECISION

Whenever possible, laboratory methods of determination used by DGGS
were taken from the list of methods of choice for each chemical species as
prescribed by Presser and Barnes (1974). Table 1 summarizes the methods
used and presents the expected precision of laboratory analyses for 17
constituents commonly found 1n water as determined by U.S. Geological
Survey laboratories. Atomic-absorption analyses were run on a Perkin-Elmer
model~603 spectrophotometer with alr-acetylene and nitrous-oxide-acetylene
flames under conditions listed in the manufacturer's procedure manual.
Colorimetric determinations were made on a Hitachi 100-60 VIS~UV double-
beam spectrophotometer with a matched set of four 10-mm cells. An Orion
model-701 digital pH meter and Orion specific ion and reference electrodes
were used in the measurement F~, DGGS water-analysis procedures conform to
USGS established methods and quality assurance.

Most of the precisions given in ctable 1 for the various methods of
analysis are based on data obtained through multilaboratory analysis of
test samples prepared by USGS laboratories (Skougstad and others, 1979).
Where possible, precision is expressed in terms of a regression equation
over a stated range. The precision, expressed in terms of the relative
deviation (the ratio of the standard deviation to the mean times 100 percent)
for various laboratory determinations, Is given in-Appendix B.

GEOTHERMOMETRY

Chemical geothermometry has become an important tool for estimating
reservoir temperatures of hydrothermal systems and has proved very useful
in determining the geothermal resource potential of a specific region.
Therefore, much of the DGGS assessment work is almed at providing accurate
geothermometry for the individual geothermal sites investigated. Summaries
of the various geothermometers that have been applied to geothermal systems
can be found in Fournier (1977) and Ellis and Mahon (1978). The geo-
thermometers are based on temperature-dependent, water-rock reactions cthat
control the chemical and isotopic compositions of the thermal waters. The
most reliable and most frequently used quantitative geothermometers are
related to the silica content and to the sodium, potassium, and calcium
content of thermal waters. Recent application of sulfate-water, oxygen-
isotope geothermometry to geothermal systems indicates this method may
become a third important geothermometer, particularly for higher tempera-
ture systems (McKenzie and Truesdell, 1977).
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Methods and expected precision:

Table 1.

Chemical Reference

Cl A, p. 589

F A, p. 523,
E

Br A, p. 581

L A, p. 585

B A, p. 311

HyS B, p. 7

Sr A, p. 263

pH C

ax = Concentration in mg or ug/l.

otherwise noted.
baa = Atomic-absorption spectrometer

References:

AL

B. Presser and Barmes, 1974.
C. Barneg, 1964.

D.

Skougstad and others, 1979,

Rand and others, 1975.

Description of method

DGGS water-chemistry analyses (cont.)

Precision®

Mohr titration with AgNOj

Direct reading using specific ion elec-
trode, Orion TISABII added. (CDTA ad-
justor and buffer)

Dissolved, titimetric, hypochlorite
oxidation

Bromine oxidation, then titration with
0.0l ¥ Na thiosulfate

Colorimetric; complexing with carmine
Preservation with Zn acetate, then
titration with Na thiosulfate in

presence of iodine

AA; direct aspiration, 1,000 ppm I
added, N,0 - acetylene flame

S¢ = 0.034 x + 0.33 (mg/1)
Range: 1.0 to 210 mg/l

App. B

951
N

o = 0.0044 x

L]

Se = 0.009 x
Range: 1.0 to 50 mg/l

Sp = 0.463 x + 20.2 (ug/1)
Range: 30 to 550 ug/l

0.5 ppm detection limit

Sy = 0.104 x + 15.4
Range: 0.0l + 5 mg/1

+ 0.05 pH units

Quoted precisions are from Skougstad and others (1979) unless

E. Instruction manuals for Crion Tonalyzer
Specific ILon Electrodes, 1977, by Orion

Research Inc.
F. Barnes, 1975.



Assumptions inherent in using compositions of thermal waters to esti-
mate subsurface temperatures have been summarized by Fournier (1977):

1. Temperature-dependent reactions involving rock and water fix
the amount or amounts of dissolved "“indicator' constituents in
the water.

2. There is an adequacte supply of all the reactants.

3. There is equilibrium in the reservoir or aquifer with respect to
the specific indicator reaction.

4. No reequilibration of the "indicator'" comnstituents occurs after
the water leaves the reservoir.

5. Either no mixing of different waters occurs during movement o
the surface or evaluation of the results of such mixing is
possible.

The attainment of equilibrium in the reservoir depends on factors
such as the kinetics of the particular reaction, the temperature of the
reservoir, the reactivity of the wallrock, the concentrations of the
indicator elemants in the water, and the residence time of the water in
the reservoir at the particular temperature. Thus, in some situations,
equilibrium in the reservolr may be attained for some reactions and not
for others.

Whether a water reequilibrates after leaving a reservoir during
flow to the surface depends on similar factors: the rate of flow, the
path of ascent, the type and reactivity of wallrock traversed, the initial
temperature of the reservoir and the kinetiecs of the various reactions
that may occur. Different reactions may occur in an ascending water at
different rates. Therefore, the apparent last temperature of equilibra-
tion may be different for different chemical geothermometers.

In this report the silica and cation geothermometers have normally
been used for estimating subsurface temperatures. In a few cases sulfate-
water oxygen isotope thermometers, obtained through the cooperac1on of
N. Nehring, USGS (Menlo Park, CA), are also available.

~12-



Silica Geothermometry

The silica geothermometer is based on the experimentally derived
relationship between silica solubility, temperature, and pressure
(Fournier and Rowe, 1966; Fournier, 1973). Dissolved silica found in
thermal waters may be supplied by temperature-dependent reactioms between
the thermal water and quartz, chalcedony, amorphous silica, or cristoba-
lite, Curve a of figure 2 shows the solubility of quartz as a function
of temperarure in equilibrium with saturated steam. Curve b shows the
amount of silica that would be left in the residual liquid after maximum
loss of steam on adiabatic cooling to 100°C and 1 bar pressure. Similar
curves can be constructed for the other mineralogic phases of silica.

ROC |
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Figure 2, Silica mixing model examples. The graph, which gives the dis-
solved silica vs enthalpy, is used for determining the temperature of

warm spring water derived by mixing a hot-water component with cold water

(from Turesdell and Fournier, 1977). Solubility of quartz as a function
of temperature is also shown. Curve a shows the solubility in liquid
water in equilibrium with saturated steam. Curve b shows the amount of
silica that would be left in the residual liquid after maximum loss of

steam on adiabatic cooling to 1009C and 1 bar pressure (from Fournier and

Rowe, 1966).

Fournier (1973) found that above 1509C, quartz controls the silica
equilibrium and that the quartz geothermdmeter generally works best in
the range 150°-225°C. When initial temperatures are above 225°C, silica
is likely to precipitate on ascent to the surface because of relatively
fast rates of reactlon at higher temperatures and the attainment of
supersaturation with respect to amorphous silica as the solution cools.
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For reservoirs below 150°C Fournier (1973) found that chalcedony and
sometimes cristobalite or amorphous silica rather chan quarcz may control
the dissolved silica content. However, in granitic rocks Fournier
reported that quartz may be the controlling mineral down to temperatures
as low as 90°C (Brook and others, 1979). Thus, ambiguities can arise
from the application of silica geothermometry in the temperature range
909-1509°cC.

Figure 2 and similar curves for the other phases of silica can be
used to estimate reservoir temperatures. If the water sample is likely
to have cooled mainly adiabatically, curve B, which corrects for the
maximum possible steam loss, is used. 1If the sample cooled mainly by
conduction, curve A is used.

The following empirical relationships can alternatively be used to
estimate reservoir temperature in the range 0°-250°C (where C is the
concentration of Si07 in mg per kg water).

Amorphous silica T, °C = 733 _ 273.15
4,52 - log C

Beta-cristobalite T, °C = 781 - 273.15
4.51 - log C

Alpha-cristobalite T, °C = 1000 - 273.15
4,78 - log C

Chalcedony T, °C = 1032 -~ 273.15
4.6% - log C

Quartz conductive T, °C = 1039 - 273.15
5.19 - log C

Quartz adiabatic (after steam loss) T, °C = 1522 - 273.15

5.75 - log C

Brook and others (1979) have reviewed the problems associated with
interpreting high SiOp levels in highly alkaline spring waters (pH>8).
In alkaline waters, hydroxide reacts with silicic acid to reduce the
proportion of silicic acid to total dissolved silica:

Dissociated
Silicic acid Hydroxide silicic acid Water
H4Sj.04 + OH™ = H35104_ + H20

The total dissolved silica increases with increasing hydroxide concen-
tration. The total concentration of dissolved silica measured in the
laboratory, however, is H,S5104 plus H4SiQ, and must therefore be reducad
by the concentration of H3S104~ to obtain an accurate estimate of the
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subsurface reservolr temperature. There 1ls considerable disagreement
about the value of the first dissociation constant of silicic acid at
temperatures above 30°C (Seward, 1974). The values used in this report
were taken from Ryzhenko (1967).

Most geothermal reservoirs are likely to be below pH 7.5 because
of buffering of hydrogen ions by silicate hydrolysis reactions {(Fournier,
pers. comm,). pH values higher than 7.5 in natural hot spring waters
generally result from the loss of COp after the water leaves the high-
temperature reservoir. In this report, if there is other supporting
evidence that a thermal water comes from a higher-temperature environ-
ment at depth, a pH correction has not been applied to the observed
silica concentration.

Silica Mixing Models

One of the assumptions inherent in using geothermometry is that
thermal spring waters are undiluted. However, the waters issuing from
many, if not most, thermal springs probably consist of mixtures of deep
hot water and shallow cold water. Fournier and Truesdell (1974) des-
cribed two mixing models that may be applied to springs with large rates
of flow and tempetratures below boiling. These models are based on the
relationship between the enthalpy and silica content of the ascending
thermal water, the cold ground water, and che resultant mixed thermal
spring water. In the first model the enthalpy of the hot water plus
steam that mixes with and heats the cold water is the same as the initial
enthalpy of the deep hot water. In this model the deep hot water may
boil below mixing, but all che steam condenses in the cold water. In the
gecond model the enthalpy of the hot water in the zone of mixing is less

than the enthalpy of the hot water at depth because of the escape of steam
during ascent.

Barrett and Pearl (1978) have summarized the additional assumptions,
given below, which are implicit in the use of these mixing models:

1. 1Initial silica content is controlled by the temperature-dependent
reactions between the deep thermal water and the various sillica
phases.

2. Additional silica is neither dissolved nor deposited after mixing.

3. The temperature and silica content of cold springs are similar to
the temperature and silica content of the ground water that mixes
with the ascending hot water.

Truesdell and Fournier (1977) have devised a simple procedure fot
applying these models; by using a plot of dissolved silica vs enthalpy
(fig. 2). For the situation in which no steam is lost before mixing, the
silica and heat contents (enthalpies) of the cold and warm spring waters
are plotted as two points, A and B. A straight line is drawn through
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these polnts to intersect the quartz solubility curve (note that below
100°C the temperature in degrees Celsius 1s numerically equivalent to
cal/g). Point C then gives the original silica content and enthalpy of

the deep hot water. The original temperature of the hot-water component

is then obtained from steam tables (Keenan and others, 1969). The fraction
of hot water in the warm spring is obtained by dividing the distance AB

by AC.

For the situatien in which the maximum amount of steam is lost from
the hot water before mixing, the silica and heat contents of the cold and
warm spring waters are plotted as two points, A and D, in figure 2. A
straight line is drawn through these points and extended to the enthalpy
of the residual liquid water at the assumed temperature of separation and
escape of steam, taken here to be 100°C. 1In this case the residual liquid
water before mixing will have an enthalpy of 100 cal/g, point E of figure 2.
The original enthalpy of the hot-water component is obtained by moving
horizontally across the diagram from point E to the maximum steam loss curve,
point F. The original silica content of the hot-water component is given
by point G. The fraction of hot water (after steam loss) in the warm spring
is obtained by dividing the distance AD by AE. If steam is assumed to
escape from water at a temperature above 100°C, the original enchalpy of the
hot water will lie at a value along a horizontal line between the maximum
steam-loss curve and the quartz solubility curve (no steam loss).

Brook and others (l979) have pointed out that the problem with any
unexplored hydrothermal system is in proving that the water issuing at
the surface 1s Indeed mixed. One proof would be a linear trend between
measured spring temperatures and chloride concentration (Fournier, 1979).
Normal groundwater usually has low chloride concentrations, whereas
thermal waters from high-temperature systems usually contain about several
hundred milligrams pexr liter of chlaride. A linear trend between the
isotopic composition of the water (deuterium or oxygen-18) and dissolved
chloride 1s another proof of the mixing (Mariner and Willey, 1976).
Unfortunately, very few areas have sufficient springs of different chemi-
cal and isotopic compesition to prove mixing by such rigorous criteria.

Cation Geothermometers

Na-K

The Na-K geothermometer used In this report 1s based on the empiri-
cally derived relationship: >

T, °C = 1217 ~ 273.15
log (Na/K) + 1.483

where Na and K are concentrations of dissolved sodium and potassium in
mg/kg. Fournier (1980) has summarized the basis for this thermometer
and made recommendations for its use. In general the Na-K method fails
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to give reliable results for waters from environments with temperatures
below 1009C. In particular, low-temperature waters rich in calcium
give anomalous results by the Na-K method. Accuracy of the thermometer
increases over the range 125°9C to 200°C.

Where waters are known to come from high-temperature environments
(180°C to 200°C), the Na-K method generally gives excellent results. The
main advantage of the Na-K geothermometexr is that it is less affected by
dilution and steam separation than other commonly used geothermometers,
provided there is little Nat and X' in the diluting water compared to the
reservoir water.

Na-K-Ca

The Na-K-Ca geothermometer is based on an empirical relarionship
between the concentrations of sodium, potassium, and calcium ions and
water temperature. Fournier and Truesdell (1973) have presented a
detailed account of the geochemical theory involved in the Na-K-Ca
geothermometer which was specifically developed to deal with calcium-
rich waters that gave anomalously high calculated temperatures by the
Na-K method. Temperature is related to water composition by the
following empirically derived equation:

T, °C = 1647 - 273.15
log (Na/k) + B [log ( Ca/Na) + 2.06] + 2.47

where:

Na, K, Ca = ionic concentration in mg/kg of the sodium, potassium,
and calcium ions in the hot water.

T, 9C = estimated subsurface temperature in degrees Celsius.

B 1/3 for T >100°C.

1]

B = 4/3 for T <1009°C.

The equation is first tested to see if setting B equal to 4/3
ylelds a temperature below 100°C; if it does not, a value of 1/3 is
used for B to estimate the equilibrium temperature.

Barret and Pearl (1978) have summarized the assumptions for the
use of the Na-K-~Ca geothermometer:

1) No mixing occurs between the ascending thermal water and
shallow ground water.

Mixing between the hot thermal water and shallow, diluted,
ground water will have little effect on the sodium-potassium
ratio but may affect the calculated calcium-sodium ratio because
of the square-root-of calcium term. If the original calcium content
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of the undiluced thermal water is low, mixing will have little effect
on the geothermometer results. But 1f that content is high (<50 to
100 mg/l), mixing with dilute ground water will cause the subsurface
temperature estimate to be too low.

2) Sodium, potassium, and calcium concentrations in the thermal
water are controlled by temperature-dependent equilibria with
sodic plagioclase, potassiuvm feldspar, and calcium-bearing
carbonate minerals.

The sodium, potassium, and calclum ratios are strongly affected
by the bedrock mineral suite. Depending on which mineral suite
controls the water composition, a wide range in temperature estimates
is possible. At similar water temperatures, the sodium-potassium~
calcium ratios are widely variable in solutions equilibrated wicth
potassium feldspar and albite, muscovite aund albite, alkali-bearing
carbonates, or other wminexral suites.

For example, waters equilibrated with mineral suites cou-
taining potassium feldspar but no albite (sodium-deficient mineral
guites) will provide excessive subsurface temperature estimates.

On the other hand, waters equilibrated with mineral suites contailn-
ing albite but no potassium feldspar (potassium-deficient mineral
suites) yield temperature estimates that are too low. Waters in
equilibrium with alkali-bearing carbonates (evaporite sequences)
generally yield excessive temperature estimates. However, equili-
bration with zeolites may yield minimum temperature estimates.

3) Little or no reequilibrarion occurs during ascent.

Changes in the sodium-potassium-calcium ratios in thermal
waters may be great or negligible, depending on the rate of ascent
and the relative reactivity of the rocks and minerals along the
flow path. Low-calcium thermal waters generally yield low sub~
surface temperature estimates because of continued reactions between
water and wallrock during ascent (increased aqueous calcium~ion con-
centration). High calcium-content waters, however, may yield
excessive geothermometer temperature estimates because of calcium-
carbounate deposition (decreased aqueous calcium ion concentration)
during ascent.

Fournier and Potter (1978) reported that the high concentration
of magnesium or the large magnesium—to-calcium ratiog in some waters
was interfering with the Na-K-Ca geothermometers. A modification
to the Na-K-Ca geothermomecter used in this assessment was recently
devised by Fournier and Potter to correct for these adverse effects
of magnesium. Graphs or empirical formulas are used to determine
temperature corrections when waters have Na-K-Ca calculated cempera-

tures above 70°C and values of R less than 50, where R = Mb/{(Mg + Ca + K)
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x 100 in molar equivalents. Waters with values of R greater than 30
are thought to come from relatively cool aquifers about equal to the
measured spring temperature, regardless of much higher calculated
Na-K-Ca temperatures.

Sulfate-water Oxygen Isotope Geothermomecer

The sulfate geothermometer has recently found wide acceptance as
a reliable indicator of deep geothermal reservoir temperatures (Muffler,
1979; Nehring and others, 1980). A summary of previous work leading to
the development of this thetrmometer and detailed explanation of its
application can be found in McKenzie and Truesdell (1977).

The sulfate geothermometer is based on the assumption that the
oxygen isotopes in a water and 1ts dissolved sulfate have equilibrated
in the geothermal reservoir. The equation for the equilibrium fractiona-
tion between dissolved sulfate and water used by McKenzie and Truesdell
(1977) is:

100 lne = 2.88 (10%/12) - 4.1

2000 + 6180 (s04)
where &

1000 + 680 (#,0)

and T is in °K. Oxygen 1lsotope values are relative to standard mean
ocean water (SMOW) as defined by Craig (1963).

The method of cooling thgt the water undergoes as it ascends to
the surface can affect the 61 O in the water. Three end-member cases

have been discussed by McKenzie and Truesdell (1977) and summarized in
Nehring and others (1980). Tl is calculated assuming conductive cooling
with no steam loss and, therefore, no change in the 5180 of the water.

Tl is the best temperature estimate when the spring or well is substan-
tially below boilling and in well samples collected with a downhole samp-
ler. T2 is calculated assuming adiabatic cooling where the steam stays

in contact with and in isotopic equilibrium with the water until the
mixture reaches the surface, where steam loss occurs. T2 is the best
temperature escimate for isolated springs of near-boiling temperature

and well samples with two-phase flow. T3 is an extreme case of con-
tinuous steam loss by the water from the time it leaves the reservoir
until it reaches the surface. This case is most applicable to hot springs
asgoclated with fumaroles or steaming ground.

The validity of temperatures determined by sulfate geothermometry
is adversely affected by mixing of different waters unless corrections
are made for changes in isotopic composition of both the sulfate and
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water that result from that mixing. A suite of samples may be necessary
to correct for dilution by ground water; such corrections were not made
in this report.

The formation of sulfate by oxidation of HpS at low temperatures
can also affect the sulfate-oxygen 1lsotope geothermometer. A small
amount of low-temperature sulfate can cause a large error in the geo-
thermometer result. Near-surface sulfate can be minimized by selecting
the spring with the lowest S504:Cl ratio in a group whenever possible.
Furthermore, if the S04:H7S ratio is less than 25, the sample should
be preserved elther by adding Zn, Cd, or other heavy metal to precipi~-
tate the HyS (Nehring and others, 1980). Near-surface sulfate can form
from the oxidation of HS to H9S0; by sulfur-oxidizing bacteria. A
small amount of formaldehyde. to kill the bacteria was added to each
water sample collected for sulfate—oxygen isotope analysis by DGGS.

Accuracy of Geothermometry

The accuracy of the geothermometers depends on the accuracy of
the laboratory analyses for the various constituents used in the geo-
thermometers. The following example illustrated the possible variations
in subsurface temperature estimates resulting from normal laboratory
analytical error. The 95 percent confidence limits (two times the stan-
dard deviation) can be determined from table 1 and Appendix B. With data
from Bell Island Hot Springs (Motyka and others, 1980), the variations in
constituents used in the silica and cation geothermometers are:

Constituent Variation
S§i0y 108 + 8 ng/1

Na : 176 + 14 mg/l
X : 7.2 + 1.6 mg/1
Ca N 8.3 + 1.6 mg/1l

Applying these ranges of values to the silica and the Na-K-Ca
geothermometers gives the following results:

Silica geothermometer Temperature (°c)

Low Reported High
Concentration (mg/l) "100 108 116
Adiabatic 133 136 140
Conductive 137 142 146
Chalcedony 110 115 120
Cristobalite 87 91 95
Opal 17 21 25
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Cation geothermometer Temperature (°C)

Low Reported High
Na-K-Ca (1/3) 129 144 158
Na-K-Ca (4/3) 103 117 130

The low and high temperature ranges given above for the cation geo-
thermometers are based on using the regpective minimum and maximum values
in the 95-percent range for Na and Ca, and the maximum and minimun
values, respectively, in the 95-percent confidence range for K. These
choices give the widest possible spread in temperature estimates.

FORNAT FOR DESCRIPTION OF INDIVIDUAL-THERMAL SPRING SITES

The locations of thermal spring areas visited by DGGS in the Aleutian
arc in 1980 are shown in figure 1 and on the generalized geologic maps of
the region in figures 3 and 4. A summary of thermal-spring water geo-~
chenistyy is given in Appendix C. Lack of time and other factors prevented
investigatrion of several of the more remote thermal-spring sites. The
existence of several other thermal spring-sites that had previously been
reported could not be substantiated. Other sites reported active in the
past were found to be inactive.

In this report, a general description of the larger Aleutian Isiands
is given, followed by a discussion of the individual thermal areas occur-
ring on the particular island, a slight departure in format from a pre-
vious open-file report (Motyka and others, 1980). The individual thermal
areas are described in geographical order eastward from Atka Island to
Becherof Lake. The following form is used in discussing each thermal
spring site investigated:

1. Location: (includes latitude and longitude to the nearest tenth
of a minute; the topographic quadrangle map and township, rauge,
section, and one-quarter section in which the site is located)

2. General description: (includes distance and directions to the
area from the nearest town or other promlnent geographic feature;
type of surface activity; location and number of springs; area
of surface activity; location and number of springs; area of
surface expression; local drainage; topography and terrain; vege-
tation; type of development if any; and land 'status)

3. Geology: (includes discussion of thermal-spring host rock; local
rock types and contacts; and local and regional faults, fractures,
and photo interpretation of lineaments. A geologic map of the
area is normally provided; these maps are¢ usually adapted from
previocusly published geologic maps of the area, modified by any
findings obtained during DGGS reconnaissance of the area).
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8.

Spring or thermal-vent characteristics: (includes temperature

measurements; associated deposits; gases; unusual characteristics;

water chemistry; water type; other physical properties; and com-~
parisons with earlier studies).

Reservoir properties: (includes discussion of geothermo-
metry; mixing models where applicable; and estimates of res-
ervoir temperature, volume, and thermal energy content).

The techniques described by the USGS for estimating reser-
voir properties have been adopted in this report (Brook and
others, 1979; Mariner and others, 1978; Nathenson, 1978).

A judgment is made as to the minimum, maximum, and most likely
subsurface temperature based on geology and geothermometry,
and on geophysics and downhole measurements where available.
(Subsurface temperatures derived from silica mixing models

are not used in estimating reservoir temperatures in this
report unless corraborative evidence for mixing exists e.g.,
chloride-enthalpy analyses or water-oxygen isotope analyses.)

Estimates of reservoir volume are made from available geologic,
geophysical, and bore-hole data. Few thermal sites in Alaska,
however, have had even cursory geophysical exploration and
only two sites, Pilgrim Springs (Turner and others, 1980) and
Summer Bay on Unalaska Island (DGGS, unpub. data), have
exploratory wells.

Comments: (speculates on the cause of the thermal springs;
the potential usefulness of the geothermal resource; unusual
characteristics; and other miscellaneous items)

Tables:

a) (physical properties and chemical composition of thermal
waters, including sample source, collection date, major-
element chemical composition, discharge rate of spring sample,
‘temperature, etc.)

b) geothermometry, including all cation, all silica, and mixing
models where applicable.

Figures:

a) geologlc map generalized from available literature.

b) sketch of site.
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NORTHEAST ATK4 ISLAND

Background

Atka TIsland is located in the Andreanof group of the central
Aleutian chain, at approximately 52°15' latitude and 174°13' longi-

tude (fig. 1 and 3). Tntense Pleistocene glaciations have rendered a spec-

tacular and rugged landscape: broad glacial valleys, numerous cirques,
hanging valleys, glacial lakes, and several deep fjord like embay-
ments on both the Bering and Pacific coastlines. Sea mammals, particu~
larly sea otters, abound in the protected inlets of the island. The
glacial topography has been carved into the Tertiary and Quaternary
(basaltic and andesitic) volcanic rocks that constitute the 100~km-long
southwest-trending island. Lush and verdant tundra vegetation blankets
the lower elevations over most of the island.

Quaternary volcanism has been concentrated exclusively in the norch-
east part of the island principally at two major stratovolcanoes, lount
Kliuchef (1,460 m) and Korovin Volcano (1,530 m) the latter of which is
still very active (fig. 5). Northeast Atka is separated from the rest of
island by a marrow lowland lying between Korovin Bay and Nazan Bay.
Northeast Atka is roughly circular, with a diamecer of about 20 km.
Unlike the rest of the island, there are relatively few embayments in
northeast Atka, probably as a result of late Quaternary volcanism. All
the known active thermal areas and hot-springs sites on the island occur
in the northeast part.

The native village of Atka, the only settlement on the island, is
located on the southwest shore of Nazan Bay near a deep, protected
anchorage. Atka served as a staging area and a small military base
during World War II. The old wmilitary airstrip and boat dock are pre-
sently in disrepair, but the village corporation is seeking funds to
renovate both facilities. An old military jeep road connects the village
of Atka to Korovin Bay, where a summer fishing camp Is maintained.

The village has a population of 120 people and is the western-most
Aleut settlement in the Aleutians. Atka is presently based on a sub-
sistence ecomnomy, but the village council has expressed a strong desire
to develop an energy base to attract fishing industries to the area.
Power is presently supplied by diesel generators.

The village is remote and not easily accessible. Biweekly amphibious
air service 1is maintained between Atka and Adak Island, a U.S. Naval base.
Adak can be reached from Anchorage by commercial airlines. Most of the

the

village's supplies are brought in by barge in the spring; smaller shipments

and mail are flowan in from Adak. If the airstrip is renovated, scheduled
commercial air service to Atka should improve. Lands on northeast Atka
have been selected by the Atka Native Village Corporation under terms of
the Alaska Native Claims Settlement Act.

-25-



wyl 193U X0 BIBP[E]
so[oswmn g

Sayide Jemroqgg

LILAY ¢ ~—
ojuyIesun 9Ieyu pagqswep ‘o) -—-Q—qg—0—
jamju0) ~———

sojuwdjop I0QIZY PO

Tertiary
1

OMO[} pojvjIoNEN
pur sjuvas LKiwypjrqng

onwlI[0A ®YI)Y WMOL)
TmO[} J[ESBRq 3I}jiEepuy

23jawI|0A WY}y

| mop erpoep yuid g
]
=
2
< FXE]
g A ELE]10
a
umouxun Afabie vjuoy
$3)uRjoA seBunoA
1O $368 sAng|ay | Jeyayang

ajA020 Y

{esmp poymjrqudapn)yesvp ‘qg woa} peydepy
£B0y0ey pozj{uiIeuap

000Dg2:1 37VI8
(6RaL)vynm|y “syl¥

UQ)I¥>9| Jew wewg

IS9 4 QOZ (AR U| INAJUDD

uay9»szl o g ¥ 8 2 1 O
00«22} a 2 : A . —, ﬂ ES. - OB L
LOLES + R L, +.0L.289
fip ooy o
ooy, T
v Jrousn 1 3 2

1 ween

09y M- AL
Ioqanjly I OQWI[0A UiACIO)Y '¢
T s
0339 &+ A o.: 4+.92.29
0F
,00.944 08.p 1L

Generalized geology for northeast Atka Island and locations of

Kliuchef and Korovin thermal fields.

Figure 5.

—26-



Geology

Northeast Atka Island consists of a thick sequence of late Tertiary
and Quaternary effusive flows, tuffs, breccias, and associated sedimentary
rocks. The assemblage records an extensive and on-going period of calc-
alkaline volcanism that is coeval with volcanic activity around much of
the Aleutian Range. This volcanism is associated with the subduction of
the Pacific lithospheric plate under the margin of the North American plate
along the Aleutian Trench.

The geology and volcanic history of northeast Atka has been under
investigation by B. Marsh at Johns Hopkins University, and the geologic
discusgsion that follows 1s based on persenal communication with him. A
preliminary generalized geologic map based on Marsh's work is given in
fig. 5. According to Marsh (pers. comm.) the oldest episode of volcanism
found in the region is represented by the 0ld Harbor volcanic series,
which crops out around Korovin Bay and consists of basaltic-andesitic to
dacitic lava flows, pyroclastic flows, and lahars. These volcanics are
thought to be derived from a large shield vyolcano located in what is now
Korovin Bay. On the basis of a preliminary K-Ar age date on a volcanic
plug, the 0ld Harbor series is 6.6 m.y. old.

A second episode of volcanism began about 1.5 to 2.0 m.y. ago with
activity near what 1s now the center of the exposed volcanic field. Atka
Volcano, a large ancestral stratocone, developed with a series of at least
slx subsidiary or satellite vents on its outer flanmks. Nearly every flow
from the older Atka volcanic complex was found to be an andesitic basalt
with a silica content of about 50 percent by weight (Marsh, pers. comm.).
A 750-m~thick dacitic flow (Big Pink, fig. 5) is associated with the
formation of a 5-km-dia. caldera at Atka Volcano. A hydration date on
the dacite suggests caldera formation occurred 360,000 to 500,000 years
ago.

Mount Kliuchef developed on the west rim of the caldera and was
active in Holocene time. Korovin Volcano, 5 km pnorth of Mount Kliuchef,
shows little sign of glacial erosion and probably was formed after Pleisto-
cene time. Aerial photos taken July 21, 1951 show Korovin capped with a
2.5-km~dia. explosion crater that is over 1000 m deep. Korovin Volcano
has been active in historic times, with reports of eruptions occurring
in 1951, 1974, and 1976. 1In 1977 Marsh found a recent mudflow at the base
of Korovin that was probably related to the 1974 eruption. He also noted
changes in summit morphology.

Mount Sarichef (825 m), a dissected subsidiary volcamno located S5 km
south-southeast of Mount Kliuchef, was reported to have had an ash erup-
tion in 1907 (Dall, 1870), but field observatioms by Marsh show this to
be doubtful. These youngest volcanoes are also primarily andesitic
basalt.
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Thoge parts of northeast Atka not covered by recent volcanic flows
show the deep erosional effects of the Plelstocene glaciations. Field
gtudies recently done by R. Black (pers. comm.) indicate a pogt—-Wiscon-
sinan glacier advance that reached tidewater occurred in at least two
of the major valleys on the west side of northeast Atka. If these neo-
glacial advances were contemporaneous with those documented on Umnak
Island (R. Black, 1975), the advance would have taken place about 3,000
years ago. A small ice cap and alpine glaciers still mantle the higher
elevations of Atka caldera and summit region of Mount Kliuchef. Korovin
Volcano, although higher than Kliuchef, 1s nearly devoid of glaciers.
Probably this is a consequence of recent volcanic activity.

Thermal areas

Several active thetmal areas have been identified on northeast
Atka Island (fig. 5). Early reports of some of these sites are summarized
in Dall (1870) and Waring (1917). Other sites were investigated by
B. Marsh 1a 1973, 1976, and 1977 or identified from aerial photos. Because
of time constraints and weather conditions the DGGS field party was able
to investigate only the two most accesslble gites, the Kliuchef and
Korovin thermal areas (fig. 5).

0f the other thermal areas, most are assoclated with Mount Kliuchef
and occur on the summit and flanks of the stratovolcano. Aerial photos
taken on July 21, 1951 show the 0.75~km-dia summit crater to have a deep snow
depression in the center of it, which suggests thermal activity. A much
smaller crater (0.25 km in dia), west and adjacent to the summic crater
may also be thermally active; 1t has a small crater lake at its bottom.

About 1.5 km southeast of the main summit, a large thermal field
is marked by a prominent 0.75-km-dia depression that occurs in the glacier
ice cap near its southwestern edge. The hole, which is at least 50 m
deep, is surrounded by numerous concentric crevasses. JIce can be seen
collapsing onto the exposed thermal field at the bottom of the hole.
Another much smaller depression in the glacier occurs about 0.5 km farther
southwest and probably marks the location of yet another therwal vent.

A 2-km-dia ice-filled crater is located east of the summit of Mount
Kliuchef. The rim of the crater, which does not appear to be thermally
active, has been breached by glacier flow. A thermal area reported by
B. Marsh (pers. comm.) is located on a south-facing steep glacier valley
wall on che south flank of Mount Kliuchef at an elevation of about 915 m.
The site is described as highly colored and 1is visible from the village
of Atka on a clear day. The area does not show much vapor‘but was very
active at one time.

One additional thermal field, 'Atka north’ (fig. 5), was reported
to B. Marsh and has been tentarively identified on aerial photos. This
site occurs near the northern part of the island on an east-facing
cliff overlooking a lagoon near the Bering Sea east of Cape Potainikof.
An attempted field verification of this site by DGGS was thwarted by
deteriorating weather conditions.
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KLIUCHEF THERMAL AREA

Location

Latitude: S52°16.0'N, Longitude: 174°11.0'W,
Atka 1:250,000 Quadrangle (1959)

General description

The Kliuchef thermal field is located 12 km north of the village
of Atka on the west flank of Mount Kliuchef (fig. 5). The thermal field
can be reached from Korovin Bay, which is accessible from the village of
Atka by jeep trail. The field occurs at an elevation of about 600 m in
a small cirque or amphitheater at the head of a glacier valley that trends
westward to an inlet of Korovin Bay. The site conslsts of numerous fuma-
roles, steam vents, vigorously boiling springs, and zones of intense hydro-
thermal alteration covering an area of about 50,000 m?2 (figs. 6-8). Ther-
mal waters from the bowl drain westward into a c¢old stream channel. Stream
waters measured 15°C about 0.5 km downstream from the thermal field despite
heavy dilution with snow-melt runoff.

Geology

The thermal field lies in a small glacial bowl about 500 m in dia-
meter that has been carved into shallow-dipping lava flows. The flows
near the thermal field were found rto be hypersthene~augite andesitic basalts
and were probably derived from the summit region of Mount Kliuchef
or the earlier Atka volcano. The ground immediately surrounding the
thermal vents is intensely altered into multihued hydrothermal clays.
Local bedrock is often veneered with red oxidation.

Morainal debris from recent glacial activity blankets much of the
surrounding bedrock. One group of boiling springs and fumaroles was
found to be actively cutting intc a bank of glacial drift that is
at least 5 m thick. The site was obviously covered with ice during
the last advance. R. Black (pers. comm.) found fragments of cemented
hydrothermal clays near tidewater in morainal deposits believed to be
associated with a neoglacial advance in the valley containing the
thermal site. If the fragments were derived from the Kliuchef thermal
field this would indicate the site was active before and perhaps during
the ice advance of possibly 3,000 years ago.

Thermal-vent characteristics

The thermal vents lie in two adjacent areas separated by a small
knoll of hydrothermal clays (fig. 6). The southwestern series of vents,
A, are about 10 m higher than series B. Series A consists of a 50-m~wide,
150-m-long semicircular band of fumaroles, steam vents, hot ground, vio-
lencly boiling acid springs, and mudpots located on a 25° slope below a
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Figure 6.
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snow field, in a small basin at the foot of this slope. Fumarole vents

are commonly 1-5 cm in diameter and slightly to wmoderately pressurized, and
surrounded by sublimates. Dry outflow channels from several of the
fumarole orifices indicate that waters occassionally drain from the vents,
perhaps during periods of high precipitation and spring melt. Mudpots

wére formed only at the base of the slope and usually in funnel-shaped
caverns, 0.5 m to 1 m in diameter. The mudpots were commonly at or near
boiling temperatures. Thermal waters were all acidic and generally turbid.
Several springs were boiling violently, in pools 0.5 to 1 m in diameter,
located aworg hematite-stained volcanic boulders and cobbles.

Series-B thermal vents are located in a shallow trough adjacent to
a small moraine. The trough acts as a catch basin for snow-melt runoff
above the thermal field. These meltwaters apparently are being heated
by a high flux of steam resulting in several violently boiling, shallow,
turbid pools, up to 4 m in diameter, nested in glacial boulders and
cobbles. The small morainal ridge above the springs is dotted with small
steaming vents.

The combined flow of heated water leaving the series-A hot pools
was measured in a surface channel at 465 lpm. Much of the outflow, how-

ever, was seen and heard discharging through subsurface channels, beyond
the reach of measurement.

Table 2 gives the chemical and physical properties of thermal waters
obtained from both thermal areas. The waters are conspiciously low in
catlons and dissolved solids, have little or no chloride, and are relatively
rich in sulfate. The waters are undoubtedly locally derived surface mete-
oric waters that are heated by a huge flux of steam and hot gases at aund
near the ground surface. An analysis of gases present in a sample
obtained from area A is given in table 3. The gas is rich in COj but
also moderately high in Hy and HpS, the presence of which indicates a
high-temperature reservoir at depth.

The high nitrogen level in the sample indicates air, perhaps
dissolved in ground water, enters the system, with oxygen being selec-
tively removed in oxidizing reactions.

The high acidity and sulfate content of the waters is probably
derived from the oxidation of H2S in hot surface waters. The hot acid
waters in turn attack and leach the local bedrock and probably account
for most of the dissolved solids present. The low concentration of
cations and silica indicates the heated waters have a short residence
time and are rapidly flushed from the area.

A minimum estimate of the steam flux can be obtained by considering
the outflow of hot waters from the area. The only flow measurement
available is for the lower set of hot pools, where a considerable part
of the discharge occurs underground. A minimum estimate of over 1,000 lpm
for the combined outflow of hot waters from the area does not appear
unreasonable. To obtain a rough estimate of heat loss, the waters are
presumed to be initially at 0°C and then heated ko 100°C. The rate of
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steam condensation required to obtain this amount of temperature change
for 1,000 lpm of water is apgroximately 3 kg/s, equivalent to an energy
exchange of about 1.67 x 10° cal/s, or 7 MW. The amount of steam and hot
gases discharging directly to the atmosphere is unknown, but is probably
at least as much as that being condensed at the ground surface.

Table 2. Chemical composition and physical properties of Mount
Kliuchef hot springs (all chemical analyses in mg/l) .

Series A Series B
S104 12.5 10
Al nd nd
Fe 1.43 nd
Ca 6.4 3.6
Mg 2.6 1.3
Na 1.87 3.82
K 0.75 0.47
Li .01 .01
HCO3 - ---
S0y 39.5 24.9
Cl 5 5
F 0.01 0.01
Br nd nd
I nd nd
B 0.5 0.5
st nd 0.15
Sr 0.01 0.02
pH, field 3.28 3.28
Dissolved solids 65.06 49.77
Hardness (mg/l CaCOj3) 26.7 14.3
Sp conductance (pmbo/cm at 250¢) 200 140
T, °C 94.2 82.2
Flow rate, lpm nd 465
Date sampled 7/14/80 7/14/80

nd = not determined.

Reservoir properties

The high flux of steam, the large area of intense hydrothermal
alteration, and the associated occurrence of boiling low-chloride acid-
sulfate springs are all evidence for the presence of at least a shallow
vapor-~dominated system. The source of steam and hot gases could be a
deeper vapor-dominated system or perhaps a deep, subsurface boiling-hot-
water convective system.
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Table 3a. Chemical composition of gas sample from
Mount Kliuchef thermal field.*

Volume (Z)

He 0.01
Hq 5.87
Arx 0.46
0y 3.26
No 22.03
CHy, 0.07
Co, 67.40
CoHg 0.01
H9 S 1.63

*W. Evansg, analyst, U.S. Geological Survey,
Menlo Park, Calif.

Table 3b. Gas geothermomecry,”™ Mount Kliuchef thermal field.

B T (°c)
-7 477
0 325
7 239

*Equations from D'Amore and Panichi (1980):

T = 24775 - 273.15
A+ B+ 36.05

where

A =2 log CH, -6 log Hy - 3 log HrS
C05 O, co,

(gases expressed in volume percent)

and B = -7 for CO5>75% and CR4 2Hp, HpS 2Hj
B = 0 C02> 75%
B= 7 COp < 75%
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The apalysis of a gas sample from the thermal field allows an
astimate to be made of the deep reservoir temperature (table 3b). The
volume percentage of COZ is less than 75 percent, which yields an esti-
mated reservolr temperature of 239°C for application of the geothermometer
described by D'amre and Panichi (1980). This temperature is similar to
maximum temperatures found in deep parts of known vapor-dominated systems
elsewhere in the world. This geothermometer, however, is still under
evaluation, and the above estimate must be used with caution. Nevertheless,
the large volume of steam escaping from the system and the high levels
of Hy and HyS present in the gases indicate the deep reservoir exceeds
150°C, regardless of whether it 1s a hot-water or vapor-dominated system.

No geophysical exploration or exploratory drilling has been done at
the site. The depth to water table (if any exists), the subsurface lateral
extent of the thermal anomaly, che porosity and permeability of the host
volcanic rocks, and the degree of silicification in the reservoir all need
£to be determined.

Comments

The thermal waters issuing from the Kliuchef thermal field are
locally derived surface waters being heated to boiling at or near the
ground surface by a voluminous upflow of steam and hot gases. The
extent and depth of the vapor-dominated zone at Kliuchef is unknown.

Such localized zones of fumarolic activity are not an uncommon
aoccurence on the upper flanks of active volcanic systems. Various
models have been proposed for the deep geothermal systems of volcanoes
exhibiting similar thermal activity (Oki and Hirano, 1970; Mahon and
others, 1980). A cooling magma body, presumed to be at a depth of
no more than a few kilometers, is commonly invoked as the primary
source of heat driving the hydrothermal system. TFor the Kliuchef
thermal fileld the magma could be associated with Kliuchef volcano or
perhaps the older Atka caldera.

Bvidence acquired from drilling of similar volcanic geothermal
systems elsewhere in the world indicates that a deep Na-Cl hot brine
normally develops and overlies the cooling hot rock. This bripne is
thought to become isolated from shallower levels by a process of silica
deposition on the outer boundary of the reservoir and because the brine
has a greater density than the infiltrating cold surface waters. Secon-
dary reservoirs, lower in density, can then develop over the brine sys-—
tem. Waters normally sampled at the surface probably reside in secon-
dary reservoirs overlying and being heated by dense fluids escaping from
the deeper brine reservoir.

If waters in the secondary reservoir become hot enough, subsurface
boiling can occur, causing fumarolic activity at the surface. Alter-
natively, if cold-water recharge is insufficient to develop a hot-water
reservoir, a vapor-dominated system could evolve. Recharge of the
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deeper system could be restricted by silica cementation; with continued
boiling and lack of recharge a vapor-dominated system can slowly develop,
heated by dense gases escaping from the deeper brine resexrvoir.

The conduits for escape of hot fluids to the surface are commonly
fractures, and this is probably the case with Mount Kliuchef. Although
hydrochermal alteration and silica deposition can restrict flow, seis-
mic activity coupled with subsurface gas pressuxes in the reservoir
often open channels and keep them free.

Volcanic flows are usually highly porous and permeable, and this
could explain the lack of hot-springs activity elsewhere, such as at
lower elevations on the flanks of the volcanoces. The hot fluids dis-
charge directly into meteoric waters infiltrating the porous rocks, and
are flushed from the system at subsurface levels.

The site appears to be particularly attractive for further explora-
tion and eventual development on two counts: a) the strong evidence
for a high-temperature geothermal reservoir underlying Mount Kliuchef
and b) the proximity of this resource to potential users who are actively
seeking an energy base. The estimated reservoir temperatures should be
more than adequate for generation of electrical power and for a variety
of other applications including direct heating and industrial processing.
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KOROVIN THERMAL AREAS

Location
Latitude 52°17.8' N, longitude 174°147' W
Atka 1:250,000 (1959)

General description

The Korovin thermal areas lie 17 km north of the village of Atka
in the north-central part of northeast Atka Island. There are two sites,
0.5 km apart, located near the head of a broad verdant glacier valley
6 km southwest of Korovin Volcano (figs. 5 and 9). The fields cover an area
of about 50,000 m2 and consist of steam vents, wmudpots, boiling springs,
and warm ground. In addition, site A has two small explosion craters,
one of which contains a red-colored acid-sulfate lake. The waters are
perched above and lie adjacent to the main cold.stream channel, which
drains the central part of the upper valley. Site B is about 30 m
higher than A, and is located in a 500-m-dia bowl set between a small
knoll on the north and steep volcanic slopes to the south (fig. '9).

The thermal fields are accessible from the village of Atka by jeep
trail to Korovin Bay, thence along the beach and overland for about 10 km
to the sites, or by gmall boat to the head of either one of two inlets
and thence overland for about 5 km. The springs site is briefly mentioned
in Dall (1870) and was apparently used by Russians and Aleuts during the
tenure of Russian settlement.

Geology

The ridge southeast of the thermal fields is composed of a massive
dacitic flow that is in places up to 750 m thick (fig. 5). The flow is
frothy or pumaceous in its upper part but has the characteristics of a
lava in its middle and lower sections (B. Marsh, pers. comm.). The dacite
is thought to be part of the eruption that formed rthe Atka caldera; a
hydration date suggests an emplacement of 300,000 to 500,000 years ago.
The dacite overlies a thick sequence of andesitic-basaltic flows derived
from the ancestral Atka Volcano. The Atka flows probably underlie the
valley containing the thermal fields.

Outcrops exposed in the 700-m-high valley wall and ridge north of
the thermal sites consist of a series of interbedded andesitic-basaltic
flows collectively mapped as Potainikof volcanics (fig. 5). This vol-
canic sequence appears to overlie flows from Atka Volcano and may be
contemporaneous with postcaldera volcanic activity farther south.

The area has been heavily glaciated, and the valley is floored with
glacial drift and postglacial alluvium. Neoglacial advances may have

affected this part of the island.
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At site A are two small, oblong explosion craters, oriented about
S30°E (fig. 9). The larger is 60 m long and 30 m wide, and has a shallow,
red turbid lake. Gouging by fumarolic and boiling-spring activity has
exposed strata in the north wall of the crater, which rises 7 m above
the lake bed. The crater rim is mantled with a 1.5-m~thick ring of
well-bedded ejecta. The beds vary from 0.5 cm to several cm thick and con-
sist of poorly sorted silt, sand, and pebble-sized lithic fragwments
cemented by hydrothermal alteration. The tephra beds in turn overlie what
appears to be glacial drift exposed in the crater wall. Llack of surface
erosion indicates the craters are postglacial features. The craters
probably formed as a result of a series of phreatic explosions that may
have occurred during the waning stages of valley deglaciation. Explosion
craters in geothermal fields have been correlared with deglaciation else-
where, e.g. Yellowstone National Park (Muffler and others, 19712.

Thermal—-vent characteristics

The most distinctive feature at site A is the small, red-stained
crater lake measuring about 30 m long and 15 m wide. The principal
thermal vents occur at the northwest end of the lake, where several vigor-
ously boiling springs and steam vents are carving a cavern into the side
of the hematite-stained crater wall. The cracter wall and rim are pock
marked with numerous small vapor vents that are often ringed with yvellow-
colored sublimates. Most of the ground surrcunding the lake has been
hydrothermally altered to red, yellow, and gray clays.

Several meters south of the lake are several 0.5-m-dia steam caverns,
some filled with bubbling mud. Parts of the adjacent smaller crater are
also themally active, again consisting of small mudpots and steam
vents. The hollow of this smaller crater contains a warm, marshy
area.

The northwest flanks of the craters are steep and drop about
15 m to a cold stream channel. Temperatures in the soil at 10 cm
depth measured 500 to 98°C near the crater rim and 22°C near the stream
channel. S§Several warm seeps and small hot springs measuring up to 759C
"were observed issuing from the stream bank below the crater. The area
southeast of the craters is also warm, measuring 640C at a depth of
10 ¢m at a distance of 20 m from the larger crater rim.

Thermal activity at site B 1s much less intense than at A. The
site consigts of a series of hot mudpots, turbid pools, bubbling warm
springs, several small steam vents and generally warm marshy ground
(fig. 9). This activity occurs in a bowl like feature with the thermal
waters and steam emanating from the alluvial and colluvial cover, which
may be underlain by glacial deposits. The warm waters drain from the
bowl to both the east and west.

Table 4 gives the chemical composition and physical properties of
thermal waters obtained from the two Korovin sites. The water sample
from site A was obtained from a vigorously boiling pool at the northwest
end of the crater lake. The water sample from site B was taken from a
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small hot spriang pool, measuring 48°C wirh a low.discharge. Both spring
samples are distinguished by very low concentration of chlorides. Spring
water from B is much more dilute, much lower in sulfate, and nearer
neutral pH than water from site A. The higher concentration of cations at
site A-—-particularly Ca and Mg~—-~is probably partially due to hot acid
waterg attacking and leaching the surrounding rocks.  The acidity probably
results from the oxidation of HyS to form sulfuric acid. The odor of

HyS was noticeable at site A and a trace amount was detected in the

water.

Table 4. Chemical composition and physical properties of
Korovin Bay hot-springs sites A and B
(all chemical analyses in mg/l).

Sice A Sice B
S$i0, 140 62
Al 6.0 nd
Fe 1.42 2.64
Ca 60.0 26.8
Mg 19.0 9.2
Na 15.5 15.5
K 10.0 4.1
Li 0.01 0.01
HCO --- ng
S0, 300 8.6
Ccl 5 10
F 0.2 0.01
Br nd nd
L nd na
B 2.0 0.5
HyS 0.29 nd
Sr 0.23 0.11
pH, fleld 4.16 5.96
Dissolved solids 554.6 138.952
Rardness (mg/l CaCOj3) 244 104.92
Sp conductance (pmho/cm at 25°C) 750 280
T (°C) 99.3 48
Flow rate (lpm) nd nd
Date sampled 7/15/80 7/15/80

nd = not determined
4Does not include HCO3 data.

Table 5 is an analysis of 'a gas sample obtained from a warm~spring
pool at site B. The dominant gas is COz, with Hy and H)S notably absent,
perhaps as a result of extensive interaction with waters in a shallow
low-temperature reservoir. The high Ny content suggests the infiltration
of air into the subsurface system and perhaps dissolving in downward~per-
colating meteoric waters; residual oxygen would be removed by water-rock
interactions.
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Table 5. Chemical composition of gas sample from
Korovin Bay thermal site B.2&

Volume (%)

He 0.01
H2 0.03
Ar 0.62
09 0.69
N2 32.05
CH4 0.28
COy 66.92
CoHg ¢.01
HyS -—

ay. Evans, analyst, USGS, Menlo Park, CA.

The surface manifestations in both locations---the low chloride level, acid
springs, numerous steam vents, and mudpots~--all suggest that 2 vapor-~
dominated zone underlies the area. The thermal waters are probably locally
derived meteoric waters being heated in a shallow reservoir by condensing
steam and hot gases with acidity caused by oxidation of H,S.

Reservoir properties

The steam vents, boiling acid springs, mudpots, and low-chloride
thermal waters all indicate a vapor-dominated zone underlies the thermal
fields. Water and gas chemistry suggest that steam is condensing into and
heating a shallow-water reservoir that is probably being fed by local
meceoric waters. The extent and depth of the vapor-dominated zone is
unknown, Isolated pockets of steam may underlie the two sites, or the
siteg could be an indication of a much broader vapor-dominated thermal
reservoir beneath the area.

The silica coantent of both thermal waters suggests temperatures ia the
shallow reservoir are warm, ranging from L00° to 150°C. The variation in
silica levels between the two waters could represent differences in
residence time for the individual thermal waters sampled, acid water-rock
interaction, or perhaps differences in cold-water dilution.

To use the D'Amore-Panichi gas geothermometer two conditions
should be met: a) the gases should not be in contact with a large,
low temperature water table above the main reservoir and b) the spring
and fumarole sampled should have a high gas flow rate because lyS and
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Hy are strongly affected by near-surface alteration through water-rock
reactions. Both these conditions are probably violated at the Korovin
gites, and therefore application of the gas geothermometer is inappro-
priate. The high steam flux, however, does suggest a deep reservoir tem-
perature exceeding 150°C.

Ho geophysical exploration or exploratory drilling has been done
at the two sites. The dimensions of both the shallow water table and
the underlying vapor-dominated zone,and the nature of the deep system
have yet to be determined.

Coumments

Unlike the Kliuchef site, the Korovin thermal fields do not occur
on the flank of an active volcano. Rather, the sites occur at a rela-
tively low elevation in an open valley, a sgituation in which a substan-
tial water table would be expected. The surface manifestation of the
thermal activity and fluid chemistry, however, indicate the presence of
a vapor-dominated zone under a shallow water table. Despite the distance
from active volcanoes, the source of heat driving the hydrothermal system
at Korovin could still be magmatic.

Evidence exists that fractures and volcanic dikes tend to develop
normal to the minimum compression or parallel to the maxinum horizontal
compression of regional origin, in this case the convergence of two
major tectonic plates (Nakamura and others, 1977). Marsh (pers. comm.)
reports that the predominent trend of dikes exposed at the surface on
northeast Atka are in the general direction of plate convergence. The
Kliuchef and Korovin thermal sites lie on a trend of N. 50° W., the dir-
ection of plate convergence in this part of the Aleutians.

The sites may overlie a dike or dike swarm---or perhaps'even
a large magmatic system with fracture zones providing conduits
for the escape of thermal fluids from a deep geothermal reservoir. If
a single large geothermal reservoir does underlie the entire area, the
potential for energy development will be enormous. The system is pro-
bably high temperature, i.e., greater than 150°C and therefore attractive
for the generatlon of electrical power and for most direct-heat applica-
tions. The proximity of the thermal sites to users who are actively
seeking an energy base to attract fishing industries makes the northeast
Atka sites prime candidates for further exploration and development.
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UMNAK ISLAND

Background

Umnak Island is located in the eastern Aleutian Chain southwest
of Unalaska Island and separated from it by Umnak Pass, 360 km from
the end of the Alaska Peninsula (figs. 1 and 3). Most of the island is
between the meridians 168°-169°W. and 53°-54°N. The 120-km-long
island, which follows the tyend of this part of the Aleutian arc,
N. 459 W., is divided into northeastern and southwestern parts at the
narrow isthmus formed by the indentation of the island by Inanudak
Bay (fig. 10). Northeastern Umnak Island is dowminated by Okmok
Caldera, a low (1,070-m) shield volcano capped by a 10-km-dia collapse
caldera. Southwestern Umnak is much more rugged, with two large
glacier~clad stratovolcanoes, Mount Vsevidof and Mount Recheshnoi, each
rising to nearly 2,150 m. Most of the coastline of Umnak is directly
exposed to either the Bering Sea or Pacific Ocean and is characterized by
rugged sea cliffs and dark sandy beaches.

Three areas of thermal springs occur south of Inanudak Bay in
alluvium-floored valleys: south of Hot Springs Cove, southeast of
Geyser Bight, and in a small unnamed valley that drains eastward
across the narrowest part of Umnak (fig. 10). The Geyser Bight springs
are the most widespread, hottest, and probably best known thermal
springs in the Aleutian Islands. The existence of the Hot Sprimgs Cove
and Geysey Bight thermal spring areas were reported in Grewingk (1850)
and in Waring (1917). Byers and Brannock (1949) performed an extensive
survey of the thermal spring areas on the island during their geologic
mapping of Umnak in 1946-48. More recently the geochemistry of the
thermal waters was reexamined by I. Barnes of che U.S. Geological
Survey, Menlo Park (pers. Comm., unpub. data) and by DGGS (this report).

The only areas of habitation occur at either end of the island.
A sheep ranch run by a single individual is located near an airstrip at
the abandoned WW-II Fort Glenn Air Force Base on the northeast end of
the island. An abandoned jeep trail at the base of Okmok Caldera leads
from Fort Glenn along the Pacific coast then crosses the island to
Inanudak Bay on the Bering seacoast. WNikolski, a native village of
about 60 Aleuts, lies at the southwest end of the island near a small
sheltered harbor on the Bering seacoast. Village economy is based on
subsistence and a few small sheep farms. tuch of the land surrounding
the hot-spring sites has been selected by the Aleutian Pribiloff Native
' Corporation and the St. George Native Associatrion under terms of the
Alaska Native Claims Settlement Act (ANCSA).

General geology

The hydrothermal activity on the island is probably associated in
large part with on-going volcanism. Three active volcanoes dominate
the island, the largest of which is Okmok Caldera.
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Okmok Caldera, located on the northeast end of Umnak Island
(fig. 10), 1is a large shield~form stratovolcano with a 1l0-km-dia
central collapse caldera. The volcano is composed of geutly out-
ward-dipping basaltic flows and interbedded pyroclastic rocks (Byers,
1959). Numerous subsidiary cinder cones and small parasitic (mostly
basaltic) volcanoes occuxr on the flanks and within the caldera.

Rocks of andesitic to latitic composirion form a few dikes, plugs,
and stubby lava flows and occur as fragments 1n the pyroclastic rocks
of the Okmok Volcanics (Byers, 1959). Rhyolite appears to be
restricted to one elongated dome on the outer northwestern slope of
Okmok Caldera.

Lack of any significant glacial erosion indicates Okmok Caldera
formed since the last major glaciation on Umnak Island. On the basis
of volcanic ash-soil stratigraphy and carbon-14 dating of soil hori-
zons from the southwest end of Ummak Island, Black (1975) placed
caldera formation at 8,250 yr B.P. Okmok Caldera has remained very
active, erupting at least 10 times since 1700 (Coats, 1950). According
to local informants, several eruptions occurred during the last decade.
An enormous steam plume emanates from the west end of the caldera and
new lava flows, erupted since 1945, cover parts of the caldera floor
(C. Nye, pers. comm.).

Mount Vsevidof, a 2,150-m-high stratovolcano lying southwest of
Okmok Caldera, has erupted at least five times since 1700 (Coats, 1950).
The dominant lithologles of Vsevidof are basaltic andesite and andesite
with subordinate basalt and rhyolite (Byers, 1959). Mount Recheshnoi,

a deeply eroded 1,985-m-high stratovolcano east of Mount Vsevidof, has
no historically recovded eruptions. It was the source of a least one
lava flow that reached the sea as recently as about 3,000 years ago
(Black, 1975). The volcano is composed chiefly of andesitic flows
interlayered with pyroclastics (Byers, 1959).

The volcanic rocks of cemntral Umnak mark a fourth much-older center
of volcanism on the island. The initial forms of the volcanoes have
been completely obliterated by subsequent erosion. The rocks are com-
posed of wmiddle Tertiary to early Quaternary lava flows, vent breccias,
and associated irregular shallow intrusive bodies that are hydrothermally
altered in places. The areal extent of the central Umnak Island volcanics
1s unknown because they are covered both to the northeast and to the
southwest by Quaternary lavas of Okmok Caldera and Mount Recheshnoi,
respectively. The volcanics appear to be underlain by Tertiary plutonic
rocks and albitized sedimentary rocks.

Thermal areas

Numerous thermal springs, geysers, and fumaroles occur on Umnak
Island. Thermal springs in three areas of central Umnak Island were
examined by Byers and Bramnock (1949): south of Hor Springs Cove,
southeast of Geyser Bight, and in the small unnamed valley that drains
eastward across the narrowest part of Umnak Island (fig. 10). The
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Okmok Caldera, located on the northeast end of Umnak Island
(fig. 10), is a large shield-form stratovolcano with a l0-km-dia
central collapse caldera. The volcano is cowposed of gently out-
ward-dipping basaltic flows and interbedded pyroclastic rocks (Byers,
1959). Numerous subsidiary cinder cones and small parasitic (mostly
basaltic) volcanoes occur on the flanks and within the caldera.

Rocks of andesitic to lacitic composition form a few dikes, plugs,
and stubby lava flows and occur as fragments in the pyroclastic rocks
of the Okmok Volcanics (Byers, 1959). Rhyolite appears to be
restricted to one elongated dome on the outer northwestern slope of
Okmok Caldera.

Lack of any significant glacial erosion indicates Okmok Caldera
formed since the last major glaciation on Umnak Island. On the basis
of volcanic ash-soil stratigraphy and carbon-14 dating of soil hori-
zons from the southwest end of Umnak Island, Black {1975) placed
caldera formation at 8,250 yr B.P. Okmok Caldera has remained very
active, erupting at least 10 times since 1700 (Coats, 1950). According
to local informants, several eruptions occurred duxing the last decade.
An enormous steam plume emanates from the west end of the caldera and
new lava flows, erupted since 1945, cover parts of the caldera Eloor
(C. Nye, pers. comm.).

Mount Vsevidof, a 2,150-m~high stratovolcano lying southwest of
Okmok Caldera, has erupted at least five times since 1700 (Coats, 1950).
The dominant lithologies of Vsevidof are basaltic andesite and andesite
with subordinate basalt and rhyolite (Byers, 1959). Mount Recheshnoi,
a deeply eroded 1,985-m-high stratovolcanc east of Mount Vsevidof, has
no historically recorded eruptions. It was the source of a least one
lava flow that reached the sea as recently as about 3,000 years ago
(Black, 1975). The volcano is composed chiefly of andesitic flows
interlayered with pyroclastics (Byers, 1959).

The volcanic rocks of central Umnak mark a fourth much-older center
of volcanism on the island. The initial forms of the volcanoes have
been completely obliterated by subsequent erosion. The rocks are com-
posed of middle Tertiary to early Quaternary lava flows, vent breccias,
and associated irregular shallow intrusive bodies that are hydrothermally
altered in places. The areal extent of the central Umnak Island volcanics
is unknown becauvse they are covered both to the northeast and to the
southwest by Quaternary lavas of Okmok Caldera and Mount Recheshnoi,
respectively. The volcanics appear to be underlain by Tertiary plutonic
rocks and albitized sedimentary rocks. )

Thermal areas

Numerous thermal springs, geysers, and fumaroles occur on Umnak
Island. Thermal springs in three areas of central Umnak Island were
examined by Byers and Brannock (1949): south of Hot Springs Cove,
southeast of Geyser Bight, and in the small unnamed valley that drains
eastward across the narrowest part of Umnak Island (fig. 10). The
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springs are located in alluvium-covered valleys that are underlain by
the central Umnak volcanics. Spring temperatures were reported to
range from 479 to 101°C, with most of the springs having temperatures
above 859C. Byers and Brannock (1949) estimated the total heat carried
away by these thermal springs at 6,350 kcal/sec (26 MW).

A series of east-west-trending thermal sprirgs located at the base of
a volcanic cone within Okmok Caldera were also examined by Byers and

Brannock (1949). Heat ecarried away by these springs was estimated at
21,000 kcal/sec (88 :W).

Byers and Brannock (1949) reported the exisctence of numerous fuma-
roles assoclated with outgassing fFrom recent volcanic eruptions within
Okmok Caldera. Two fumaroles were also reported near the head of Geyser
Creek, apparently unrelated to any recent eruption.

Although much of the present surficial thermal activity within
Okmok Caldera is probably derived from recent volcanic lava flows, some
of the inner-caldera activity and probably all the surficial thermal
activity located in the central part of Umnak Island comes from deeper
hydrothermal systems.

Avenues to such subsurface systems are commonly fractures and fault
systems. In Okmok Caldera, these fractures and faults probably developed
during caldera formation. In the central part of the island, fractures
are probably the result of tectonic stress. On the baslis of orientations
of volcanic features, dikes, and faults, Nakumura and others (1977) sug-
gested an azimuth of maximum horizontal compressive stress for Umnak
Island of N. 65 + 20° W. This trend is roughly in the direction of con-
vergence between the North American and Pacific tectonic plates (N. 45° W.)
in this sector of the Aleutian Chain as determined by Nakamura and others
(1977). 1Interestingly, Geyser Creek valley, which contains over 15 ther-
mal springs and geysers, is also oriented N. 459 W. Thege similarities
suggest that fractures created by tectonic stresses extend to great depths
and thus provide condults for the circulation of surface waters through
deep-seated hot rocks.

The source of heat driving the hydrothermal system probably comes
in large degree from shallow magma chambers and the hot rocks surrounding
them. Evidence for at least one such chamber comes from the size and
youth of the Okmok Caldera. Such calderas imply the existence of large
shallow magma chambers with immense amounts of residual heat.

During the summer of 1980 the DGGS field party examined three of the

thermal areas on Umnak: Geyser Bight, Hot Springs Cove, and Partov
Cove.
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GEYSER BIGHT

Location

Latitude 53°13' N., longitude 168°28' W.; Umnak 1:250,000 Quad-
rangle (1951); T. 80 S., R. 133 W., Seward Meridian.

General description

The thermal area consists of five thermal spring sites that are
dispersed over about 4 kn? on the floor and ac the head of a prominent
glacial valley that trends southward from Geyser Bight (fig. 11). The
springs mostly occur along Geyser Creek and its tributaries, and emerge
from allavium and colluvium at the base of sceep valley walls. In addi-
tion, two small fumarole fields are situated at elevations of 240 m and
300 m in a small tributary valley at the headwaters of the west fork of
Geyser Creek. The Geyser Bight hot-spring site 1s the hottest and most
extensive thermal-springs area in Alaska.
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Figure 1l. Location map for Geyser Bight, Hot Springs Cove, and Partov
hot springs.
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The glaciated rugged ridges that flank the U-shaped valley rise to
610 m; the adjacent regions not covered by recent volcanic rocks show
additional signs of intense glacial erosion. The two large stratovolcanoes,
Mounts Vsevidof and Recheshnoif, lie socuthwest of the springs site and are
partially mantled by glaciers that fill erosional ravines cut into the
flanks of the volcanc. Two of these narrow ribbons of ice descend to an
elevation of about 90 m.

The floor of the valley is marshy and contains several small ponds,
mostly located behind a series of beach dunes that occur near the seacoast.
Lush, thick tundra vegetation blankets the valley up to elevations of about
300 m.

The Geyser Bight hot-springs site is very remote and access is diffi~
cult. The DGGS field party reached the area via chartered vessel from
Unalaska. High surf condicions can scmetimes render the Geyser Bight
beach unsafe for small boat landings. The springs area can alternatively
be reached by long overland treks from either Fort Glenn or Nikolski,
located at either end of Umnak Island.

Geologz

Tertiary bedded volcanic rocks of central Umnak, hydrothermally
altered in places, are exposed along the lower secrions of the valley
walls surrounding the hot-springs sites (Byers, 1959). These voclcanics
overlie Tertiary diorites that outcrop at the base of the west valley
wall at its northern end and along the Bering seacoast east and west
of Geyser Bight. The late Tertiary and Quaternmary volcanic rocks of
Mount Recheshnoi unconformably overlie the central Umnak volcanics.

The Recheghnoi volcanics, exposed 1n the upper parts of the valley walls
and on the flanks of the volcano, consist of a thick sequence of hyper-
sthene andesitic flows containing minor interbedded pyroclastic deposits.

The U-shaped Geyser Bight glacial valley is floored with an unknown
thickness of alluvial and colluvial depesits. A l-km-wide band of older
dune sands spans the mouth of the valley and occurs immediately south of
the present coastline,

Spring characteristics

The thermal-spring sites occur in Geyser Creek Valley 4 to 7 km
southeast of Geyser Bight at elevatiomns ranging from 45 to 150 m (figs.
11-16). Steam fumarocle fields are situatéd on the west side of the east
fork of Geyser Creek at elevations of 240 and 300 m (figs. 11, 17, and 18).
Measurements of discharge were possible for only a few of the thermal
spring vents, but where performed the measured flow rates were substan-
tially lower (one-half or less) than flow rates reported for the same
springs by Byers and Brannock (1949) (table 6). Visual estimates of
discharges at other thermal springs tended to verify the conclusion that
the flow of thermal waters in the valley has diminished substantially
since 1947. Although Byers and Brannock (1949) did not report the method
or accuracy of their measurements, the differences in flow rate appear to
be too large to be explained by differences in measuring techniques.
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Figure 12. Detail at Geyser Bight site H.

Temperatures at the individual spring vents were similar to those
measured in 1947. However, although slightly superheated temperatures
were measured at the several small geysers that occur in the valley, the
level of geysering activity seewed much more subdued than that reported
in 1947.

Site H occurs in a narrow valley at an elevation of about 150 m,
situated below a beautiful 3-m-high waterfall near the head of the west
fork of Geyser Creek (fig. 12), The site consists of two groups of
thermal springs about 100 m apart. The thermal waters issue from
fissures and pools in the cemented alluvium, colluvium, and glacilal
debris on both sides of the creek and from fractures in volcanic bedrock
exposed at the base of the waterfalls. Temperatures at many of the
spring orifices are at or slightly above boiling point. Several vents
exhibit considerable ebullition and fountaining; mild geysering activity
occurs at two or three of the vents. Thermal-spring basins and outflow
channels were frequently coated with siliceous sinter deposits. The
flow rates measured for several of the springs are given in table 6 with
1947 rates of discharge included for comparisom.

Table 7 gives the chemical composition and physical properties
of thermal waters obtained from springs Hl and H6. The waters are
moderately concentrated in sodium and chloride. Equipment malfunction
prevented determination of bicarbonate. The slighly more dilute Hl
waters may have resulted from mixing with ground waters. The springs

have similar ratios (table 8) of sodium to chloride and of the conservative
elements boron and chloride.
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Table 6. Data on thermal springs, Geyser Bight.

DGGS discharge measurements made with standard

pygmy flowmeter; flows visually estimated are in

parentheses.
1980 19473
Thermal : Quality of Flow
spring Activiey© T (9C) Flow (1lpm) measurement T (°C) Flow (lpm)
[3(6] sp 97.3 (30) vis. est. nr nr
H1 g 100.3 300 good (S5%) 101.5 660
H2 f, eb 99,3 100 poor {( 10%) 101 600
H3 sp 45.2 (60) vig. est. 53 none
H4 eb 100.3 45 poor ( 10%) 101 340
H5 g 101.8 within a small cavern 101 85
H6 f, eb 99.9 30 poor ( 10%) 100 66
H7 eb 99.8 70 fair ( 10%) 90 260
Gl g 100.0 (20) vis. est. 101 260
G2 s 79.0 (5) vis. est. 38 6
G3 g 100.1 16 poor ( 10%) 100.5 18
G4 s 92.4 (%) vis. est. 98 36
G6 eb 97.3 20 poor ( 10%) 95 80
G7 not found 82 85
G8 g 100.1 75b poor ( 10%) 100.5 170
G9 sp 99.3 nd nd 100.5 6
Gl10 ap 100 nd nd 99 170
Gll sp 81 nd nd 77 170
Jl p 82 not possible 88 720
J2 s 77.2 seeps vis. est. nr nr
J3 sp, s 77-88 (10) vig. est, nr nr
J4 p 69 (5) vis. est. nr ar
J5 g 92.2 (15) vis. est. nr nr
J6 p 83.9 (15) vis. est. nr nr
K P 59~62 nd nd 58-70 250
L P 80-85.5 200 poor { 10%) 67-69 170
Q sp, S 70-75 (25) vis. est. nr ny

dByers and Brannock, 1949

Pmeasured at height of geyser cycle
Cg, geyser; f, fountaining; eb, ebullient boiling; p, pool; sp, spring; s, seep
nr = not reported; nd = not done; vis, est. = visually estimated
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492 591 33% 630 35 391 215 370
1.27 1.55 0.% 2.3 0.13 2.4 0.9 1.6
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Table 8. Ratios of selected chemical constituents to chlorides
in Geyser Bight thermal springs

Site
Ratio H1 H6 Gb G8 J K L G8A
Na:Cl 0.72 0.76 0.73 0.77 0.76 0.80 0.76 0.814
K:Cl 0.033 0.034 0.050 0.049 0.54 0.062 0.054 0.103
§04:C1  0.27 0.26 0.29 0.27 0.28 0.28 0.24 3.77
B:Cl 0.10 0.10 0.044 0.10 0.09 0.08 0.08 0.07

Site G is located in the northeast coxner of the main glacial
valley above the east bank of Geyser Creek (fig. 11). Two groups of
thermal springs emerge at the base and on the lower slopes of the east
valley wall (fig. 13). The thermal waters emanate from numerous small
pools, orifices and seeps in the cemented alluvium and colluvium.
Several small steam vents also occur in the area, which indicates steam
is separating below the surface, The most prominent thermal spring, G8,
is a geyser whose eruption cycle is about 10 to 11 min. long. Waters
fill a 20-cm—deep, l-m~dia basin coated with siliceous sinter. Ebulli-
tion rises to 10-15 cm above average water level during the period of
maximum activity.

Thermal waters from G6 and GB8 are chemically similar to those at
site B (table 7). The silica content of G8, however, is counspicucusgly
higher. The acid spring GBA 1s low in chloride and probably results from
the condensation of steam separating from waters rising in the conduits
feeding G8. The high acidity probably results from the near-surface
oxidation of hydrogen sulfide.

An analysis of gases obtained from spring G6 appears in table 9,
The high nitrogen content indicates a considerable amount of air con-
tamination, perhaps from air dissolved in the circulating ground water.
The oxygen 1s probably selectively removed in oxidation reactions of
H>S and other constituents; the pool adjacent to G6 has a pH of 3.63.
Carbon dioxide is the major active gas, but a measurable amount of
hydrogen emerges with the spring waters.

Site J occurs in the southwest corner of the valley across from
site G. The most prominent thermal spring at the site, Jl, emanates
from a S5-m-deep funnel-shaped aquamarine blue pool set into the valley
alluvium (fig. 14). Small mounds of fresh silica sinter rim the peri-
meter of the 3-m-dia 82°C pool, with outflow cascading over a broad
apron of siliceous sinter east of the pool. The size of the silica
apron suggests that spring flow from the pool was much greater at one
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time. Low rumbling concussions could be heard beneath the ground sur-
face in the vicinity of Jl. The chemistry of waters from Jl are strik-
ingly similar to that of G8 and indicates a common source (table 7).

Table 9. Chemical composition of gas sample from
Geyser Bight thermal spring Gb6
(analyses in volumer percent) .2

Volume (%)

He 0.01
Hy 0.09
Ar 0.78
02 0.70
N, 85.25
CHy, 0.04
COy 13.45
C2Hg 0.01
H»S —~——

aW. Evans, analyst, USGS, Menlo Park, CA.

Other springs in the vicinity of J1 occur along the slope break
at the base of the southwest valley wall dispersed over a distance of
250 m. The springs typically emerge from pools ranging from 0.5 to 2.5 m
in diameter with deep funnel-shaped bottoms set into wvalley alluvium.
Several additional small springs and seeps occur in a small cributary
valley located about 0.5 km above site J and are labeled Q in fig. 11.

Site K is located 4.75 km inland Erom Geyser Bight in the alluvium
of Geyser Creek valley. The springs lie near the center of the valley
and appear to flow directly out of the alluvium. Thermal waters, 62°C,
emerge 1ln an oval-shaped pool, 2.5 m wide, 4 m long, and up to 1.5 m
deep, and flow down a stralght, narrow channel 20 m long and 0.3 m wide
Into two successive large oval pools (fig. 15) that were covered with
a thick layer of dark algal growch. Overflow from these pools spills
into a nearby cold stream. A fourth irregularly shaped small pool with
43°C water also drainms into the cold stream at the same point. The main
pool and the rest of the drainage system was clogged with thick, dark
algal growrh. A temperature of 59°C for the first of the larger oval
pools indicates additional influxes of hot water here.

Almost directly across from site K, tucked in an indentation of
the northeast side of the valley, is hot-spring-site L (fig. 11). The con-
cavity of the hollow in which the site is located, plus the warmth, softness,
and muddiness of the soil in and around the springs suggest the area is
the site of a small shallow slump or landslide due to loosening of sub-
surface material by the injection of warm water. Several small springs
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occur around the upper back wall of the depression and a few muddy seeps
occur at 1rs center (fig. 16). Nine vents that emitted 44,50 to 92.20C
water were distinguished. The spring of greatest activity was located
at the far south side of the site. From it 85.50C water bubbled up and
flowed down a narrow channel to a pool 20 m long, 7 m wide, and up to

1 m deep. The pool supports abundant bacteria and algal flora. Dis-
charge from the nine vents totaled 200 lpm.

The chemistry of thermal waters from sites K and L are similar
(table 7). Both are mildly concentrated in sodium chloride and have a
high level of bicarbomnate.

The chemical analyses of Geyser Bight thermal waters given in
table 7 compare well with analyses on waters from two of the springs
reported by Byers and Brannock (1949) and to more recent USGS amnalyses
of waters collected from several of the springs in 1973 (I. Barnes,
unpub. data). The thermal waters are all moderately concentrated in
sodium and chloride and are notably high in boron. The ratios Na:Cl,
80,:Cl, and B:Cl are similar for all thermal waters sampled in 1980
except for the acid spring GBA and the B:Cl in G6 (table 8). These
similarities in the more conservative constituent ratios suggest the
thermal waters, although occurring in different localities, originate
from a common deep reservoir. The K:Cl ratios are similar for thermal
springs occurring within the same group, but vary slightly between
groups. These differences may reflect reequilibration of the waters
on ascent or perhaps varying residence times in intermediate reservoirs.

The sgtriking similarity in chemistry of G8 and Jl1 indicates these
springs are being fed directly from a common reservoir. The springs
lie on opposite gides of the upper valley, which suggests that such a
reservolr may underlie the entire valley floor in this vicinity. The
differences in the amount of silica and other consticuents becween the
springs could be due to varying amounts of boiling within individual
systems, dilution with cold ground warer, or differing intermediate
reservoirs.

Reservoir properties

Table 10 summarizes the application of silica and cation geother-
mometry to the DGGS chemical analyses of various thermal springs of
Geyser Bight. A sulfate~water oxygen isotope geothermometer, also
given in table 10, isg available from a previous USGS analysis (Nehring
and others, 1980; I. Barnes, unpub. data). Because most springs are
at boiling, Ty = 264°C 1is selected as the appropriate thermometer under
conditions prescribed 1n McKenzie and Truesdell (1977). Because of
its much longer reequilibration time than either silica or cation geo-
thermometers, the sulfate geothermometer 1s often a good indicator of
the deep reservoir temperature. However, because there is no other
concordant geothermometer and because additional sulfate-~water oxygen-
isotope data are lacking for Geyser Bight, the Ty remperatures are
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taken as the maximum in estimating the deep reservoir system. The quartz
adiabatic and the Na-K-Ca (1/3) temperatures for Jl are taken as the
most likely and minimum estimates, respectively:

Min Max Most Likely Mean

Subsurface temp (°C) 180 264 186 210

Table 10. Geyser Bight thermal springs geothermometry
(all temperatures are in °C).

Site
H1 H6 G6 G3 J K L
Surface temperature 100.3  99.9 97.3 100.1 82.0 62.0 85.5
Cation geothermometers
Na-K 158 157 187 182 189 196 190
Na-K~Ca (1/3) 149 151 166 175 180 166 166
Na-K-Ca (4/3) 122 131 129 173 174 114 122
Silica geothermometers
Adiabatic 159 165 162 185 186 152 156
Conductive 169 176 172 201 202 160 165
Chzalcedony 146 155 150 184 184 136 142
Christobalite 119 127 122 153 153 110 115
Opal 46 53 49 77 77 38 43

Sulfate-water oxygen isotope geothermometer, thermal spring G842

8180-50, ©/00 5180-H20 ©/00 T1 T2 T3
~4.05 —8.06 322 264 282

aFrom Nehring and others, 1980. Temperature estimates are based
on three different end member cases of water cooling as dis-
cugsed on page 19 of this report.

Variations in the chewmistries and corresponding reservoir geo-
thermometers for the different spring systems may be due to the degree
of reequilibration of the deep thermal waters on ascent through the
feeding conduits or to the degree of dilution with ground waters. Inter-
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mediate reservolirs fed by a parent deep reservoir may alsoc underlie the
three geographically separate groups of springs (H; ¢ and J; K and L).

Such tiered reservoir systems are not uncommon in other geothermal gystems.
Geothermowetry for the individual spring groups suggests temperatures of
155°C, 185°C, and L65°C for the Ethree secondary reservoirs.

The host rocks for the reservoirs may be the Tertiary central Umnak
volcanic rocks, or the Tertiary diorites that appear to underlie the
central Umnak volcanics, or both. No geophysical exploration or explora-
tory drilling has been doune, and the thickness of valley sediments and
depth to bedrock are unknown,

Comments

The Geyser Bight hot-water system constitutes the hottest and most
extensive hydrothermal convective system known to exist in Alaska. Deep
reservolr temperatures, conservatively estimated at 210°C, may be as hot
as 264°C, The surface expression of thermal springs, geysers and fuma-
roles suggests the subsurface reservoir is large. The system could be
used for large-scale flash-steam electric power production and for a
variety of other applications. However, there are no protected deep-water

harbors in the area and few potential users for such a large energy
resource,

The origin of the thermal energy driving the hydrothermal convective
system may be associated with the active volcanism that occurs on Umnak
Island. Deep fractures may provide conduits to high-~temperature reser-
voirs overlying cooling bodies of magma.
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HOT SPRINGS COVE

Location

Lacitude 53°14.3' N., longitude 168°21.6' W.; Ummak 1:250,000
Quadrangle (1951); T. 80 5., R. 132 W., Seward Meridian.

General description

Thermal gprings in the vicinity of Hot Springs cove occur at the
beach and about 1 km inland, south of the beach at the base of the west
slope of the valley that drains northward into the cove (fig. 11). The
thermal springs at che beach emerge along the western shoreline during
periods of low tide. 0ld beach dunes, about 0.5 km wide, span the 1l-km—
wide mouth of the valley at Hot Spring Cove.

The shallow valley, roughly 0.5 km deep and 0.75 km wide, contains
a broad open marsh located behind the beach dunes, lushly vegetated with
grasses and muskeg and surrounded by ridges rising to 600 m. K Reindeer
were observed grazing in the valley and in the 180-m~high pass that leads
from the southeast corner of the valley to an unnamed valley that drains
to the Pacific coast. These valleys and the surrounding countryside
show the erosional effects of intense glaciation. The Pacific side
valley contains anocher thermal spring site, '"Partov' hot springs.

Hot Springs Cove and adjacent Stepanof Cove offer the only protected
anchorages along this portion of the Umnak Island Bering Seacoast. DGGS
reached the site via chartered vessel from Unalaska. An old military
road, washed out in several places and in a general state of disrepair,
leads from an airstrip at Fort Glenn on the northwest end of the island
over a 100-m-high pass to Stepanof Cove. The 35-km-long road is a poten-
tial means of access to the site.

Land status in the vicinity of the site is unclear. The lands may
have been selected by the St. George Village Association and rthe Aleurian
Pribilof Native Association under terms of ANCSA.

Geology

Bedrock exposed in valley walls adjacent to the thermal site consist
of late Tertiary central Umnak volcanic rocks overlain by Quaternary
hypersthene andesitic flows of Mt. Recheshnoil (fig. 10) (Byers, 1959).
These volcanic units appear to rest on a basement complex composed of
probable early to middle Tertiary plutonic and low-grade metamorphic rocks
that are exposed along the coastline of Umnak Island. An isolated ocutcrop
of a quartz-bearing olivine andesite flow overlying the Recheshnoi vol-
canics lies directly south of the valley at an elevation of 500 m.
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Okmok Caldera, a huge active shield volcano, lies 20 km NE of the
thermal-springs site. A recent cinder cone and associated lava flows
occur across Hot Springs Cove at Cinder Point (fig. 1ll1).

Spring characteristics

The upper series of thermal springs occur along a 300-m linear
zone west of Hot Springs Creek at the base of the west valley slopes
(fig. 19). Spring E5, the most southerly in the series, flows from a
small cavern located at slope break at the base of the valley wall at
the entrance of a steep SW-trending tributary valley. The thermal waters
lssue from a nest of cemented boulders, cobbles, and soil inside the
l-m-dia cavern. Discharge measured 100 lpm; spring temperature was 71.8°C.
The only other spring exhibiting any significant flow in 1980 was El1,
which emerges from a 30-cm-deep, 70-cm-dia pool ringed by boulders and
cobbles. Temperature at the vent located at the pool bottom was 93.50C;
discharge from the pool measured 60 -lpm. Sinter coats 'rocks in the out-
flow channel; bacteria and algae mats occur further downstream.

In contrast tc the earlier investigactions ¢of Byers and Brannock
(1949), the springs E2 and E4 were found to be dry and only a trickle of
flow occurred at E3 (table 11). The flow at E5 was also wmuch lower than
that reported for 1947. However, the spring temperatures at El and E5
were notably higher in 1980, which suggests that the differences in mea~
sured flow rates may be due to a greater degree of ground water mixing
during the 1947 measurements.

Table 11. Temperatures and flow rates, thermal springs
south of Hot Spring Cove. Data from Byers and Brannock
(1949) included for comparisom.

1980 1947
Thermal Flow rate Quality of Flow rate
spring T (°0) (lpm) measurement T (°C) (lpm)
El 93.5 60 Fair (107%) 87 54
E2 31.88 dry -—— 47 54
E3 61.2 trickle vis. est. 65 6
E4 38.92  dry —— 35 36
ES5 71.8 100 Fair (10%) 67 200

T
Ground temperature.

Springs El and E5 are moderately concentrated in sodium and chloride
and have a notably high level of boron (table 12). The hotter spring, El,
has the greater concentration of constituents. The difference in tempera-
ture and the similarity in the Na:Cl, Li:Cl, S405:Cl, and B:Cl ratios of
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the two waters suggests they are derived from a common thermal reservoir
and undergo differing degrees of ground-water dilution. The chemistries
and temperatures of springs El and E5 in 1980 were similar In all respects
to a previous chemical survey of the springs made by the USGS in 1973

(I. Barnes, unpub. data). However, both the DGGS and USGS water samples
were significantly higher in dissolved constituents than the water sampled
in 1947, further suggesting thac a greater amount of ground-water dilution
occurred in 1947.

Table 12. Chemical composition and physical properties of
Hot Springs Cove hot springs El and ES5,
(all chemical analyses in mg/l).

Sice El Site E5
$i05 120 91
Al nd nd
Fe 0.08 0.13
Ca 164 134
lig 1.1 1.2
Na 664 531
K 34,2 24.5
Li 2.62 2,20
HCD3 142 133
S0y 91.4 83.2
Cl 1255 1010
F 0.86 0.72
Br 3.98 3.29
I 0.74 0.60
B 31.3 23.8
H25 0.15 nd
Sr 1.56 1.28
pH, field 6.47 6.36
Dissolved solids 2513.0 2040.0
Hardness (mg/l CaCOj) 416 341
Sp conductance (tho/cm at 259Q) 4250 3300
T (°C) 93.5 71.8
Flow rate, lpm 62 101
Date sampled 7/29/80 7/29/80

nd = not decermined.

The shoreline thermal waters emerge at lowest tide along a 800-m
linear zone at the west end of the beach. Maximum sand temperatures
in 1980 measured 459C. Byers and Brannock (1949) reported temperatures
as high as 70°C. Because the biweekly cycle of variations in tidal
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amplitude was at its minimum during the DGGS visit to Hot Springs Cove,
the shoreline thermal waters were nearly always covered with sea water
and we could not obtain a sample.

Reservolr properties

Table 13 summarizes the application of silica and cation geother-
mometry to thermal springs El and E5. The quartz-conductive temperatures
differ by 16°C, whereas the applicable cation temperatures differ by only
7°C. This trend is conmsistent with a hypothesis of ground-water mixing.
The cation geothermometers, particularly Na-K, are less susceptible to
dilution effects than the silica geothermometers and are therefore pro-
bably more representative of the deep reservoir temperatures. Two dif-
ferent ground-water samples obtained near the hot springs each had tempera~
tures and silica contents of about 10°C and 20 ppm. These values lie
on the same linear trend as the values for the thermal springs, El and E5.
Following the method of Truesdell and Fournier (1977), application of the
quartz~conductive mixing model results in a deep reservoir temperature
estimate of 1989C. This corresponds to a parent thermal-water silica
content of about 240 ppm and hot-wvater mixing fractions of 45 and 33 per-
cent for springs El and E5, respectively.

Table 13. Hot Springs Cove geothermometry
(all temperatures in ©C).
Site El Site E5
Surface temperature 93.5 71.8

Cation geothermometers

Na-K 166 159
Na-K-Ca (1/3) 152 145
Na-K-Ca (4/3) 117 107

Silica geocthermometers

Adiabatic 141 128
Conducrtive 148 132
Chalcedony 122 105
Cristobalite 97 81
Opal 26 12

In estimating the deep reservoir temperature, the quartz~conductive
mixing-model temperature is chosen as the maximum, the Na-K temperature
for spring El as the most likely, and the quartz-conductive temperature
for E1 as the minimum:
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Min Max Most likely Mean

Subsurface T (°C) 148 188 166 171

Although the evidence for mixing is strong, the maximum temperature
estimate must still be viewed as speculative. The host rocks for the
reservoir are probably the underlying basement Tertiary plutons and low-
grade metamorphic rocks. No geophysical exploration or exploratory
drilling has been done,and the depth and extent of any deep thermal
reservoir are unknown.

Comments

The estimated deep-reservoir temperatures would be sufficient to
power a small- to medium-scale, binary, Rankine-type, wellhead, electri-
cal-generation system. The thermal waters, if in sufficient supply, could
also be used for a variety of other geothermal applications. However,
the remoteness of the site and the lack of a good, protected deep-water
anchorage probably precludes any development in the foreseeable future,

The source of thermal energy driving the hydrothermal system may
be related to the active volcanism that occurs northeast and southwest
of the site. Ground waters may be penetrating via fracture system into
rocks heated by nearby magma systems.
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PARTOV HOT SPRINGS

Location

Latitude 53°13.7' N., longitude 168°18.5' W.; Umnak 1:250,000

4

Quadrangle (1951); T. 80 S., R. 132 W., Seward Merdian.

General description

Partov hot springs* is located about 6 km southeast of Hot Springs
Cove on the Pacific side of Umnak I{sland. The thermal springs occur in
an unnamed stream valley that drains into an unnamed cove 4 km northeast
of Partov Cove. The springs are situated about 3/4 km from the Pacific
Ocean on the northern banks of the main stream drainage in the valley
that trends S. 65 E. The site was reached by crossing a 180-m-high pass
that connects this valley with Hot Springs Cove.

Geology

The geology in the vicinity of Parteov hot springs is similar to that
discussed under Hot Springs Cove (preceding sectionm).

Spring characteristics

Five areas of springs and seeps are found in a 200-m linear zone
adjacent to the north bank of the main valley creek. The springs and
seeps emerge from valley alluvium 2 m above stream level (fig. 20). The
combined flow from the five springs was visually estimated at about 200 1lpm.
Spring temperatures ranged from 45°-85°C., Flows from three of the springs
feed a large pool, 15 by 10 m, that is covered with rust-colored scum.
White calcite coating was observed on rocks in outflow channels below the
springs. A small amount of gas bubbling occurs from the main pool; no
odor of H)S was detected.

Table 14 gives the chemical composition and physical properties of
thermal waters obtained from the highest temperature spring vent at the
site. The waters, which are quite similar to the hot springs in the valley
to the north (table 12), are moderately concentrated in sodium and chloride
and have a notably high level of boron.

Reservoir properties

Table 15 summarizes the application of silica and cation geothermo-
meters to Partov hot springs. Although the Na-K-Ca (4/3) temperature is
below 100°C, the silica geothermometers indicate equilibrium took place
at temperatures above 100°C and, therefore, Na-K-Ca (1/3) 1is taken as the
representative cation reservoir temperature. The quartz conductive and

S —
Informally named.
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chalcedony temperatures are chosen as the maximum and minimum reservolr
estimates respectively:

Min Max Most likely Mean

Subsurface T (°C) 118 144 134 132

Plat Ares 3-8 m, Abave Creek Level
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Figure 20. Detail at Partov spring site.

As in the case with the thermal springs of the Hot Springs Cove
area, the thermal waters emerging at the surface at Partov hot springs
may have cooled by mixing with ground waters. Assuming a ground-water
temperature of 10°C and silica content of 20 ppm and following the
quartz mixing model of Truesdell and Fournier (1977), the deep-reser-
voir temperature may be as high as 202°C. This temperature is similar
to the deep-reservoir estimate based on the silica mixing model made
for Hot Spring Cove. The similarity in chemistries and estimated deep
temperatures suggests the spring systems may oviginate from a common
source.

Comments

As at the Hot Springs Cove site, the thermal springs may result
from the circulation of surface waters in deep fractures through vol-
canically heated rocks. Although the reservoir temperature is conser-
vatively estimated at 1329C, the quartz mixing model suggests deep tem-
peratures may be much higher. Nevertheless, the remoteness of the site,

lack of potential users, and lack of protected harbors will probably
preclude development of this site.
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Table 14. Chemical composition and physical properties of
Partov hot springs
(all chemical analyses in mg/l).

DGGS

determination
Si0, 113
Al nd
Fe 0.49
Ca 233
Mg 2.7
Na 456
K 19
i 3.1
HCO4 138
50y 163
Ccl 1050
F 1.0
Br 3.35
I 0.67
B 27.3
H2S nd
St 2.25
pH, field 6.57
Dissolved solids 2212.9
Hardness (mg/l CaCO.,) 596
Sp conductance (pmho/cm at 259C) 3800
T (°c) 84
Flow rate (lpm) 2002
Date sampled 7/31/80

4 Estimated flow of five springs combined.
nd = not determined.

Table 15. Partov hot springs geothermometry
(all cemperatures in °C).
Surface temperature 84.0

Cation geothermometers

Na-K 152
Na-K-Ca (1/3) 134
Na-K~Ca (4/3) 83

Silica geothermameters

Adiabatic 136
Conductive 144
Chalcedony 118
Christobalite 94
Opal 23
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UNALASKA ISLAND

Background

Unalaska Island, second largest in the arcuate chain of Aleutian
Islands, is located between latitudes 53°15' and 54° N. and between
longitudes 1660 and 168° W., 200 km southwest of the Alaska Peninsula
(fig. 1). The island is about 140 km long and 60 km wide and follows
the trend of this segment of the Aleutian arc, which is about N. 60° E.
(Drewes and others, 1961). Most of the island is ruggedly mountainous
and, except for the northerm bulge, the coastline is deeply indented
by fjords (fig. 21). Beaver Inlet, which is more than 30 km long, and
Makushin Bay, about 16 km long, split the eastern and western ends of
the island, respectively, and separate northern Unalaska from the elon-
gate southern portion.

The western part of northern Unalaska (the northern bulge) is
dominated by the still active Makushin Volcano, which is about 2035 m
high. The broad dome-shaped summit has a small caldera and is capped
by a glacier with tongues that descend the larger valleys to elevations
as low as 300 m (1000 ft). Several symmetrical cones and craters occur
on the flanks of the volcano.

The terrain immediately around the volcano and extending eastward
from it is characteristically rugged with deep glacier-carved valleys,
sharp ridges, and peaks. Two broad glacier valleys, Makushin Valley
and Glaciler Valley, originate on the flanks of Makushin volcano and
extend to Unalaska Bay and Makushin Bay, respectively. Unalaska Bay, a
deep embayment into the northern coast of the island,with several sub-
sidiary inlets, lies about 20 km east of Makushin Volcano.

Much of the island is discontinuously veneered by a thin mantle of
till, volcanic ash, humus, and soil (Drewes and others, 1961). The only
trees on the lsland are several groves of Sitka spruce, planted by
Russians in the 19th Century around Unalaska Bay. Willow thickets grow at
low elevations in the more protected valleys; blueberry shrubs and salmon-
berry and crowberry plants are common. The lower elevations and valley
bottoms are characterized by tundra vegetation. During the summer the
meadows are abloom with a large variéety of flowers.

Unalaska village lies on the southern shore of Iliulivk Bay near
the head of Unalaska Bay. The only other permanently inhabited place
on the island is a sheep ranch at ChernofsKi Harbor. The Unalaska com-

munity has a permanent resident population of about 600 people, many of
whom are Native.

Unalaska village was first visited by Russian fur traders late in

the 18th century. During the 19th century, the village became a Russian
outpost and a major center for the Aleutian fur trade and Russian Orthodox
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Church. The purchase of Alaska by the United States in 1867 and the rapid
decline of fur-bearing sea-mammal populations later in the century led to
a gradual decrease in White population and influence in Unalaska until 1942.

During World War-II Dutch Harbor, located oun Amaknak Island, adjacent
to Unalaska village and now connected to it by a bridge, served as a major
U.S. naval base and staging area for Allied operations. The surrounding
hillsides are still littered with rusting Quonset huts, old tunnels, artil-
lery emplacements, pillboxes, and look-out posts. The Dutch Harbor area
itself contains row upon row of deserted barracks and warehouses, some of
which are now being reclaimed and renovated by the Ounalaska Native Corpora-
tion.

Because of the large and excellent deep-water harbor located in Unalaska
Bay (ome of the few protected harbors in the Aleutians), the village has
naturally evolved into the major base of operations for the Bering Sea
fishing industry. Thirteen fish processors operate in the area and bring in
as many as 1,500~2,000 seasonal employees during the height of crab-fishing
season. Unalaska has the distinction of being the crab capital of the world,
With the imminent development of the Alaskan bottom fishery, Unalaska will
undoubtedly continue to expand. The village council is actively seeking an
energy base to support its growing fishing industries.

Geology

The geology of Unalaska Island has been describad in Drewes and others
(1961). The Unalaska Formation constitutes the oldest and most extensive
group of rocks in the island and consists of a thick sequence of coarse and
fine sedimentary and pyroclastic rocks intercalated with dacitic, andesitic,
and basaltic flows and sills, cut by numerous dikes and small plutons
(fig. 21). The formation is exposed over two-thirds of the island and is
thought to be early to mid-Tercilary. The formation has been extensively
folded, faulted, and intruded by plutonic rocks, with moderate hydrothermal
alteration occurring near the plutons.

The batholiths and smaller plutons are granodiorite with border phases
as mafic as gabbro. The plutounic rocks are thought to be the products of
crystallization of a granodiorite magma that invaded the rocks of the
Unalaska Formation by assimilation, stoping, and forceful intrusion (Drewes
and others, 1961). The age of the pluton is considered to be younger than
early Miocene and older than middle Pleistocene.

Basalt and andesite flows and pyroclastic rocks of the Makushin Velcanics
unconformably overlie the Unalaska Formation and the plutonic rocks that
intrude it (Drewes and others, 1961)., The Makushin Volcanics constitute
most of Makushin Volcano, a broad volcanic dome more than 1,800 m high and
16 km wide. The thickness of che Makushin Volcanilcs varies greatly but
probably does not exceed 1,500 m. Most of the Makushin Volcanics are believed
to be middle to late Pleistocene. Much of the basalt and andesite is exten-—
sively glaciated and must precede at least part of late Pleistocene time.
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Late Wisconsin to Recent volcanic cinder cones, composite cones, and
lava flows are scattered about the base of Makushin Volcano and have been
collectively mapped as Eider Point Basalt (Drewes and others, 1961). These
volcanic rocks rest unconformably on glaciated rocks of the Makushin Volcanics
and in places on the Unalaska Formation. A series of recent cinder cones and
craters lie along a westward~trending fissure extending from the Makushin
caldera to Point Kadin. The volcanic vents probably reflect the intrusion
of magma into the fissure at shallow depths.

Makushin Volcano is still active and is known to have erupted at least
14 times since 1760, with a report of a minor eruption occurring in 1980
(Coats, 1950; Sean, 1980); Table Top Mountain has probably been active since
the last major glaciation (Drewes and others, 1961).

The island has been intensely glaciated and glacial landforms are
prominent everywhere. The mountains contain U-shaped valleys, cirgues
aretes, and ice-scoured features of every size. An ice field of 40 kmé
caps Manushin Volcano. Till from the latest Wisconsin ice advance occurs
in the lowest cirques and valleys. More recent, fresh-looking moraines,
located near existing glaciers, indicate small advances and recessionns
have taken place, perhaps within the past few hundred years (Drewes and
others, 1961).

Faults, jolnts, and related linear features are abundant, but the
length, direction, and amount of displacement have been determined for only
a few of them. Most of the faults are nearly vyertical. The strong topo~
graphic alignment of Beaver Inlet and Makushin Bay, which nearly bisect the
island, suggests a major fault. A statistical analysis of linear topographic
features from aerial photographs performed by Drewes and others (L961) showed
a8 dominantly northwest trend in the Unalaska Formation in the more altered
rocks near and in the batholiths, and a strong pattern of north- and east-
trending sets of linear features in the less altered rocks away from the
batholiths.

Thermal areas

Several active thermal areas have been identified on northern Unalaska
Island, and all but one are associated with Makushin Volcano (figs. 21-23).
Fumaroles and hot springs occur within the 2.5-km~dia Makushin caldera and
were first investigated by Maddren (1919), who reported the existence of an
extensive solfatara field (~ 30 acres) near the center of the caldera.
Fumaroles were audible at distances of over 2 km, and the temperature at the
orifice of ome of the smaller fumaroles measured 150°C. The continued
existence of these high-pressure fumaroles emitting large amounts of vapor .
was verified during the summer of 1980 (J. Reeder, pers. commun.).

An extensive fumarole field and associated hot springs mentioned in
Drewes and others (1961) occur at the head of Glacier Valley in the south-~
gsoutheast flank of Makushin Volcano (fig. 22). The fumaroles lie at an
elevation of about 670 m. A smaller fumarole field, found in 1980, occurs
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Location of thermal fields on Makushin Volcano.
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near the toe of a glacier located about 1 km northwest and about 150 m
above the previous site. Another fumarole field contalning a large, highly
pressurized fumarole occurs further west on the south flank of the volcano
at an elevation of about 900 m (J. Reeder, pers. commun.).

Two fumarole fields and associated hot springs were found in the upper
reaches of Makushin Valley on the norcheast flank of Makushin Volcano
(fig. 22). The lower and smaller field occurs at an elevation of about
360 m on a small bench located on the steep north valley wall about
25 m above a stream channel. The larger field occurs about 2 km further
upstream at the head of one of the tributary valleys on the east flank
of the volcano ar elevations varying from 600~800 m.

One additional hot-spring site occurs on the island and is located
about 2 km south of Summer Bay (fig. 23). This spring is probably the
same as that reported by Dall (1870) near Captain's Harbor.

The hot springs near Summer Bay are ‘located within the Unalaska
Formation. The hot springs and fumarole fields at the heads of Makushin
and Glacier Valleys also occur in that formation and in the plutonic rocks

that intrude it. The other fumaroles and hot springs occur in the younger
Makushin Volcanics.

During July 1980 the DGGS field party was able to examine briefly the

thermal areas at the heads of Makushin and Glacier Valleys and the hot-
springs site near Summer Bay.
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GLACIER VALLEY THERMAL AREA

Location

Latitude 53°50.8' N., longitude 166°53.0' W.;
Unalaska 1:250,000 Quadrangle, 1951.

General Description

The thermal area is located at the head of Glacier Valley, a 3- to
4-km—wide U-shaped valley that trends north from Makushin Bay for 10 km (fig.
21). The head of the valley terminates in a series of steep ravines in the
south-southeast flank of Makushin Volcano. The active summit caldera of the
volcano lies about 5 km northwest of the thermal site; Pakushin cone, a recent
parasitic pyroclastic cone, i3 located about 6 km southwest of the site. The
rugged ridges neighboring the thermal area are 600-900 m high and intensively
glaciated.

The thermal sites are located on and above the easternmost branch of the
Glacier Valley river at the very head of the valley (fig. 22). There are three
areas of thermal activity., The first two, a fumarole field and a series of hot
springs, occur on a ridge lying between two ravines in which flow the streams
that comprise the headwaters of the eastern branch of the main valley river.
About 0.5 km downstream from the juncture of these two streams, another series
of hot springs and seeps occur at the base of the eastern valley wall near the
stream bank. In addition to these sites, a small area of fumaroles and boiling
waters was found emanating from a pile of volcanic boulders on the western
margin of a glacier in the adjoining western tributary valley, about 1 km
northwest of the principal site, Still farther west, a highly pressurized
fumarole occurs at an elevation of about 900 m.

The thermal area in Glacier Valley is remote and relatively inaccessible.
The DGGS field party reached the sites by helicopter from the village of
Unataska, which lies about 22 km east of the thermal area. The sites can also
be reached by taking a boat into Makushin Bay and then walking lO km up Glacier
Valley.

Geology

The fumaroles, steam vents, and hot-spring waters emanate from an area of
intensely hydrothermally altered rocks belonging to the Unalaska Formation and
the gabbroic plutons that intrude it. The hydrothermal alteration, consisting
mainly of montmorillonite, is the result of interaction of near-surface rocks
with acid waters that are formed by the condensation of hydrogen-sulfide-rich
steam in meteorically derived, shallow ground waters. Fumarolic activity
axtends up a ridge to an elevation of about 640 m, where it is capped by a 30-m
sequence of shallow dipping, interbedded basaltic flows that originated from
Makushin Volcano. The exposure of the flows above the fumaroles is nearly
vertical, apparently due to plucking by glacial erosion. These flows do not
appear to be altered, nor does the surface expression of the fumarolic activity
extend beyond the flow-contact boundary.
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Several fresh moraines occur adjacent and below the zoune of thermal
activity at elevations of 300-600 m, and are evidence for recent glacier
advances. A glacier still resides in the adjoining western valley and
descends to an elevation of about 450 m. Lower portions of the valley are
floored with glacial drift, alluvium, and colluvium.

Numerous fossil fumarolic vents and hydrothermally alcered ground were
found in a small, recent glacial moraine located near the juncture of the
streams below the hydrothermally heated ridge. One fossil vent occurs in a
cone-shaped, 4-m~-dia, 1.5-m-high mound of hydrothermally altered clays. The
fossil vents suggest the area was active at least during the waning stages of
the last glaciation which, at this elevation, may have occurred as recently as
a few hundred years ago.

Drewes and athers (1961) mapped a steep normal fault southeast of the
thermal sites. The trend of the fault, N, 50° W., is directly in line with the
thermal sites and Makushin caldera, and may be providing conduits for thermal
fluids to ascend to the surface.

Fumaroles and Bot-springs characteristics

The site consists of three areas of thermal activity that are separate but
probably related.

a. The first zone consists of numerous small fumaroles and stream veants, all
at boiling point, dispersed over an ara of about 10,000 m? and emanating
from a series of small knolls and gullies cut ioto the hydrothermally
altered ground. The vents occur between elevation of 550 and 650 m below a
steep cliff of volcanic flows and between two forks of the eastern
tributary to the main valley criver (fig. 22). Orifices are generally a few
centimeters or less in diameter with sublimates commounly ringing the vents.
Gases are mostly steam. The vents have characteristically low flow rates,
although several are moderately pressurized and have vapor plumes several
meters high.

Waterfalls from the lava cliff face above the fumarole field channel a
large flux of surface meteoric waters onto and through the fumarole field.
Where the waters pass over fumaroles they are heated by condensing steam,
in some cases to the boiling point. Much of the water appears to percolate
into the ground after passage through the thermal zone.

b. The second area of thermal activity consists of several hot springs and
seeps located on a small bench indented into the bluffside at the base of
the ridge containing the fumarole field (figs. 22 and 24). The springs
occur at an elevation of about 380 m and cover an area of about 1,000 m*,
perched several meters above the juncture of the two streams that drain the
thermal area. A recent glaclial moraine containing numerous fossil thermal
vents occurs immediately southeast of the springs.

Spring temperatures ranged from 76° to 96°C, and the combined flow from the
thermal springs was visually estimated at 200 lpm. The thermal waters
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typically emerge into shallow pools averaging about ! m in dia in what
appears to be glacial drift. The upper portions of the hot-spring
channels were commonly veneered with a 1- to 2-cm—thick layer of calcite.
Orange bacterial mats and blue-green algae commonly lined the channels
farther down stream. Flow from the hot~spring channels combines with
runoff from adjacent snow patches (present on 8/11/80) into a single
channel, which then drains along the adjacent moraine and into the
cold-water stream below the springs.

A few hot-spring channels were dry, indicating discharge may seasonally
fluctuate with the availability of ground water. A small area of steaming
ground occurs upslope and adjacent to some of these dry spring basins.

c. The third area of activity consists of a 50-m linear zone of seeps and a
few hot springs located about (.5 km downstream from the previous hor-
springs site (fig. 24). The thermal waters issue from colluvium at the
base of the eastern valley wall, several meters above Lthe main stream
channel. Water temperatures range from 17° to 78°C, with the combined
flow visually estimated at 60 lpm. The waters emerge principally through
seeps. Three or four small springs also occur, including one from a small
sinter cone and another with an estimated discharge of 30 lpm. The spriag
channels and much of the surrounding ground are coated with calcite,
indicating flow may fluctuate or wmay have been much greater at one time.
Outflow of the thermal waters from the area 1is divercted by a medial
moraine for geveral meters befcore it joins the main stream channel.

Table 16 gives data on thermal waters obtained from site B and a partial
analysis of a sample from site C.

Key features of the thermal water chemistry are the extremely low levels
of c¢chloride present, the nearly neutral pH, the relatively low cation content,
and the comparatively high level of magnesium and calcium. The high sul fate
content probably arises from the oxidarion of Hy9S gases associated with the
fumarolic activity. The waters are similar to those that have been classified
as bicarbonate-sulfate waters by ochers (White, 1957; Ellis and Mahon, 1964).
Such waters typlcally occur on the flanks (or in wells drilled theveon) of
active volcanoes In island-arc settings (Oki and Hitrano, 1970; Mahon and
others, 1980).

Reservoir Properties

The chemistry of the thermal waters and the occurrence of the fumarole
field indicate the presence of at least a shallow vapor~dominated zone under-
lying the area. The magnesium and calcium contents of the thervmal waters
emerging at the surface indicates the waters are probably surface meteoric
waters infiltrating to relatively shallow depths and being heated by steam
rising from a deeper reservoir. The source of steam may ultimately be derived
from a deep, bolling, hot-water system overlying a cooling magma body. The
high silica content in the spring warters suggests temperatures in the shallow
perched reservolr may approach 150°C, if equilibration with quartz is assumed.
The large volume of steam escaping from the area and the large area covered by
hydrothermal alteration and thermal activity indicate a hot reservoir system
exlsts and that it probably exceeds 150°C.
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Table 16. Chemical composition and physical properties of
Makushin Glacier Valley hot springs l, 2, and 3
(All chemical analyses in mg/l1.)

MG-B1 MG-B2 MG-C
$10, 94 125 125
Al nd nd -
Fe 0.10 <.01 --
Ca 11.7 32.1 -=
Mg 4.0 10.6 -
Na 52.0 87.2 77.5
K 4.8 5.7 4.5
Li <0.0l1 <0.01 -
HCO4 37 288 -
S0y, 129 95 418
Cl 10 5 10
F 0.14 0.28 -
Br nd nd -
L nd nd -
B <0.5 0.5 -
st nd <OS -
Sr 0.07 0.26 --
pH, field 6.40 6.50 —
Dissolved solids 342.81 649.14 -—
Hardness (mg/CaC03) 45,76 82.4 -—
Sp conductance (pmho/cm at 25°C) 360 580 ~-
T (°C) 96.8 82.4 78.8
Flow rate (lpm) nd nd nd
Date sampled 8/11/80 8/11/80 8/11/80

nd - Not determined.

No geophysical exploration or exploratory drilling has yet been done at
the site. The thickness of the perched water reservoir, the underlying vapor-
dominated zone, and depth to the hot water or steam reservoir all need to be
determined.

Comments

The fault system mapped southeast of this thermal area may provide con-
duits for the thermal fluids that are ascending {rom deep within the geothermal
system. The trend of this fault and those of a large proportion of linear
features on northern Unalaska, including those associated with Makushin
Volcano, are approximately N. 50° W. (Drewes and others, 1961l). This orienta-
tion is about the same as the direction of convergence of the North American
and Pacific tectonic plates. Major tensional features are considered €O pro-
pagate in this direction, the direction of maximum horizontal compressional
stress (Nakumura and others, 1977). Such deep-seated fractures can provide
avenues for intrusion of volcanic dikes and feeder systems for surface thermal
vents.

~78~



The setting and chemistry of the Glacier Valley thermal area is similar in
many respects to that of other active island-arc volcanic systems (Oki and
Hirang, 1970; Mahon and others, 1980). Detailed investigations of such
volcanic systems in other areas indicate that the heat driving the secondary
hydrothermal veservoirs end producing the surface springs and fumarcles is
derived from primary reservoirs of a hot sodium chloride brine that overlie
caoling magma bodies. Temperatures in such thermal brine reservoirs are known
to exceed 300°C. 1If such a deep high-temperature brine reservoir exists at

Makushin, it may ultimately prove the mosc productive geothermal reservoir in
the system,

The occurrence of a high-temperature geothermal reservoir in the vicinity
of a population center seeking to expand its fishing industry makes the
detailed investigation of the Makushin geothermal resource attractive. One
potential deterrent to the development of this resource is the volcanic hazards
associated with the still-active Makushin Volcano.
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MAKUSHIN VALLEY THERMAL AREAS

Location

Latitude 53° 55' N., longitude 166° 50' W.;
Unalaska 1:250,000 Quadrangle (1951)

General Description

The Makusghin Valley thermal areas are located at the head of Makushin
Valley on the east-northeast flank of Makushin Volcano, about 5 km east of the
summit caldera (fig. 21 and 22). Makushin Valley trends westward for 13 km
from Broad Bay before terminating on Makushin Volcano. The lower part of the
valley is a 3-km-wide U-shaped glacier valley, whereas the upper reaches of the
valley consist of several small canyons inciged into the flanks of Makushin
Volcano. The canyous are flanked by steep valley walls rising 300 to 600 m
above stream level. Ridge tops are commonly rounded plateaus and range from
300 to 900 m high.

The region has been intensely glaciated. A glacier still resides on the
upper flanks of the volcano above the thermal area, and 1a places descends to
elevations of 700 m. The upper part of the volcano, however, still retains the
gshape of a shield volcano.

There are three areas of thermal activity that occur along the upper
reaches of the Makushin River (fig. 22). The highest of these consists of a
broad field of mild fumarolic activity, located between 640 and 820 m in eleva-
tion oun the east flank of the volcano. The second area consists of a cluster
of hot springs at an elevation of 570 m, located at the base of the ridge con-
taining the fumarole field. The third area occurs about 2.5 km farther down-
stream and consists of a few steam vents and mild fumaroles with associated
thermal waters.

The thermal areas are relatively inaccessible and were reached by heli-
copter from the village of Unalaska, which lies about 20 km east of the sites.
Although remote, the sites could be reached by following an old military jeep
trail starting either from Broad Bay and going up Makushin Valley or from an
abandonred airstrip near Driftwood bay and ascending to a basalt plateau at an
elevation of 300 m, located north of the thermal areas. From there the sites
can be reached by a 5-km cross-country trek.

Geology

Bedrock in the vicinity of the thermal field consists of a complex mixture
of the Unalaska Formation and the plutons aund dikes that intrude it. Recent
lava flows and pyroclastic rocks, collectively termed the Eider Point Basalrt,
occur immediately north of the thermal area (Drewes and others, 1961).

Qutcrops on the ridge above the thermal field are altered porphyritic
gabbros containing subhedral to euhedral phenocrysts of plagioclase,
labradorite to bytownitite in composition, up to 8 wm long, contained in a
fine-grained groundmass of feldspars, pyroxenes, and sulfides. The gabbroic
rocks are cut by basaltic dikes of similar composition. The fumaroles them-
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selves emanate mainly from highly chloritized rocks of the Unalaska Formation.
The ground surrounding the fumaroles has been intensely hydrothermally altered
to varicolored clays, predominately kaolinite.

The slope above the fumarole field is capped by a 20~m-thick series of
five or six basaltic flows that probably originated from the summit of Makushin
Volcano. These flows terminate in a vertical c¢liff face, formed by glacial
erosion. The lava flows do not appear altered; the fumarolic activity does not
extend beyond the cliff face.

Fresh glacial debris is scattered over much of the thermal field, inmdicat-
ing the area was probably covered with ice during neoglacial advances. The
stream bed below the fumaroles lies in a steep ravine floored with boulder-—
sized angular volcanic rocks.

Fumaroles and hot-springs characteristics

The thermal activity occurs in three different areas; two of the sites are
probably related and occur in a cirquelike feature.

a. Mild fumarolic activity covers an area of about 0.25 km? and lies
between elevations of 640 and 820 m on the steep northwest slope of the
southeast fork of the upper Makushinh River valley. The thermal field
occurs near the headwaters of the atream and consists of numerous
fumaroles and steam vents dispersed over a series of rounded knolls and
tertraces that form the valley slopes. Three broad terraces of fumaroles,
each about 20 m wide, lead in steps to the vertical cliff of volcanic
flows above the thermal field,

The vents are mildly to moderately pressurized, with vapor plumes of
several meters rising from the more active vents. Bolling water can be
heard just below the surface at several of the orifices, which indicates
surface runoff is being hearted by condensing steam. Fumaroles were at or
slightly below the boiling point; assocliated pools ranged from 80° to
95°C. The orifices were commonly surrounded by sublimates and multihued
alteration clays. Several of the vents occurred in small bowl-shaped
depressions; others emanated from small mounds of debris probably carried
to the surface by the upflow of steam and gases.

b, This site consists of a semicircular cluster of hot springs perched a
couple of meters above stream level at the base of the cirque containing
fumarcle field A. The springs are located at an elevation of about 560 m
in a small bowl indented into what appears to be glacial drift. The
thermal waters issue from four principal vents, spaced about 1 m apart,
each having an estimated discharge of 10 lpm; thermal water also arises
from several additional seeps in the marshy basin of the bowl. Outflow
from the springs and seeps merge into a single channel before entering the
main cold stream. Spring temperatures ranged from 80° to 87.5°C. Reddish
oxide-stained rocks occur near Cthe thermal waters; siliceous orange sinter
deposits and blue-green algal mats line the spring channels,

Another series of thermal springs measuring up to 80°C occur about 50 m
farther downstream along the banks of the main cold-water channel and at
the base of a waterfall on the steep northern valley slope. The valley
narrows beyond this point to form a small canyon several kilometers long.
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c. The third site occurs at an elevation of about 360 m on a small 30-m-wide
bench located about 75 m above stream level on the steep northern wall of
the valley, about 2.5 km downstream from the previous sites. Thermal
activity consists of a 2,500-m2 area of mild boiling-point fumarolic
activity, mudpots, and hydrothermally altered ground, and a thermal spring
and some seeps abour 100 m west and 4 m below the fumaroles. The
fumaroles and spring emanate from colluvium accumulated on the bench. The
hot spring has a temperature of 67°C and a low rate of discharge, visually
estimated at less than 10 lpn.

Table 17 gives the chemical and physical properties of thermal spring
waters obtained from sites B and C. These waters are similar in most respects
to those found at the Glacier Valley site, namely, very low chloride, high
silica, high proportion of calcium and magnesium, and relatively high
bicarbonate and sulfate. The Makushin Valley springs are slightly more acidic.
As in the Glacier Valley case, the comparatively high Ca and Mg coantent of the
waterg relative to the other cations indicates the waters are derived from a
low~temperature reservoir or perhaps result from the admixture of heated sur-
face waters with deeper, hotter thermal waters. The sulfate and bicarbonate
probably result from the oxidation of H,S and CO, gases rising from deeper
in the volcanic system.

Table 17. Chemical composition and physical properties of
Makushin Valley hot springs sites B and C
(all chemical analyses in mg/l).

DGGS DGGS

Characteristics Site B Site C
5109 140 88
Al nd nd
Fe 0.09 0.03
Ca 69.3 23.1
Mg 12.2 8.0
Na 28 13.9
K 5.6 3.4
Li 0.0l <0.01
HCO4 191 116
§0, 155.3 21.4
Ci 5 5
F 0.12 0.11
Br na nd
I nd nd
B 0.5 0.5
H‘ZS nd nd
St 0.28 0.10
pH, field - S5.48 5.32
Dissolved solids 606 .9 279.04
Hardness (mg/CaC03) 218.87 90.74
Sp conductance (pmho/cm at 25°C) 600 255
T (°C) 87.4 67.0
Flow rate (lpm) nd nd
Date sampled 8/13/80 8/13/80

nd — Not determined,
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Table 18 gives the chemical composition of fumarolic gas samples obtained
from sites 4 and C. The dominant gas in both fields is carbon dioxide. Gases
emerging from the upper fumarole field (site A) contain proportionately higher
percentages of hydrogen sulfide and hydrogen gas than those emerging from the
lower thermal field (site C), perhaps because fumarolic gases at site C have
had more interaction with ground waters. The pitrogen and argon are probably
of atmospheric origin, and are probably dissolved in infiltrating surface
waters (Mazor and Wasserberg, 1965). The low concentration of oxygen in both
cases is probably due to oxidation of HyS and H,.

Reservoir Properties

The occurrence of the thermal springs at the base of fumarole fields in
Makushin Valley suggests that at least part of the spring waters may originate
as condensation of steam in surface waters, which then percolate into the
porous colluvium and country rock to eventually emerge as springs. The high
silica content of the thermal waters, however, indicates that a large portion
of the waters must have originated from a subsurface reservoir where tempera-
tures exceed L50°C, assuming the silica 1s in equilibrium with quartz. Surface
waters infiltrating this reservoir may become heated on descent, causing dis-
solution of cations in the wall rock, a process alded in part by the slight
acidity of the waters. The levels of calcium, and particularly magnesium,
relative to sodium and potassium indicate the resideance time of waters in the
reservoir is too short for these counstituents to equilibrate to the estimated
reservolr temperature. Silica can equilibrate rvather rapidly, within several
days to a few weeks. This suggests the reservoir supplying the thermal-spring
waters lies at fairly shallow depths. The low chloride content and the
glightly acid-sulfate chemistry of the thermal waters, together with their
agssociation with fumarolic activity, are evidence for a perched reservoir
supplied by meteoric waters that are heated by steam and volcanic gases rising
through a vapor-dominated zone from a much deeper reservoir.

Table 18. Chemical composition of fumarolic gases from
Makushia Valley thermal field
(analysis in volume percent).

Site A Site C
He 0.009 0.003
H, 0.49 0.025
At 0.083 0.0072
0, <0.0001  <0.000l
Ny 7.93 0.56
CHy, 0.0018 0.0031
co, 89.14 99.05
H,SP 2.38 0.30

®J. Welham and R. Poreda, analysts, Scripps
Institution of Oceanography, La Jolla, Calif.
by. Moorman, analyst, DGGS.

The hydrogen sulfide and helium probably have magmatic origins, as does as
least part of the carbon dioxide (Craig, 1963; White, 1968). An analysis of
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the ratio of 3He:4He in the fumarolic gases obtainmed in cooperation with R.
Poreda at the Scripps Institute of Oceanography is given below:

MV-A  MU=C
(3He/%He) 4.9 6.6
(3He/¢He5AIR

3

An enrichment in ~“He 1n fumarolic gases has been correlated with
magmatic activity oan a worldwide basis, the source of “He thought to be
derived from primordial mantle material (Lupton and Craig, 1975; Craig and
others, 1978; R. Poreda, pers. commun.). The values for the Makushin fumaroles
are within the range of other volcanic island-arc geothermal systems.

The hydrogen content of the gases 1s probably produced by high—temperature
reaction of water with ferous oxides and silicates contained in the deep re-
servoir rocks (Seward, 1974),

Table 19 gives the results of applying the D'Amore and Panichi (1980) gas
geothermometer to the Makushin fumarole samples. From the proportions of gases
present, B is chosen as 0 and the respective reservalr temperature estimates
are 278°C and 168°C for sites A and C. These estimates must be used with
caution, The accuracy of this geothermometer has not yet been generally ac~
cepted. Furthermore, the gases have probably undergone veaction with a shallow
reservoir which may have affected their H,S and H, contents.

Despite the uncertainties in the gas geothermometers, the large flux of
steam and the probable magmatic origin of some of the fumarolic gases indicate
the existence of a high-temperature, deep geothermal reservoir.

Table 19. Gas geothermometry,(l) Makushin Valley fumaroles
(temperatures °C).

B* Site A Site C
-7 380 231

0 278 168

7 204 119

*for explanation of B, see table 3b.
Comments

The Makushin Valley hydrothermal system is similar in most respects to the
Glacier Valley system. Both are characterized by extensive fields of mild
fumarolic activity and thermal springs low in chloride and rich in sulfate and
bicarbonate., The proximity of these fields to each other and to the active
summit caldera indicate a common gource of heat underlies the volcano. Cowm-—
parison with similar volcanic systems elsewhere in the world suggests the
origin of the hydrothermal system 1s a high—-temperature sodium-chloride brine
overlying a cooling body of magma. Gases and steam escaping from this deep
reservolr give rise to reservoirs rich in secondary bicarbonate-sulfate at
shallower levels and to the fumarolic fields on the flanks and summit of the
volcano.
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The postulated deep brine reservoir should be the ultimate carget of any
exploratory energy-development program. The Makushin Valley site lies near the
village of Unalaska, the capital of the Bering Sea fishing industry. An old
military road exists along the lower part of Makushin Valley, affording
potential access to the site. However, cautlon must be exercised before pro-

ceeding with any development plans. The volcanic hazards and potential impact
from eruptions must be evaluated.
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SUMMER BAY HOT SPRINGS

Location

Latitude 53°53.1' N., longitude 166°26.9"' W,
Unalaska Quadrangle 1:250,000 (195)) T. 73 S., R. 117 W., Seward Meridian

General description

The Summer Bay hot-springs site 1s located near the base of the east slope
of a north-south trending glacial valley about 2 lm south of Summer Bay and
5.5 km west of the village of Unalaska (figs. 2l and 23). The springs occur at
the edge of a marsh located about 0.5 km southeast of a shallow 1.5-km-long
lake that occupies the northern part of the valley. Glaciated ridges sur-
tounding the valley rise up to 550 m in elevationm.

The site can be reached frowm the village of Unalaska via a jeep trail up
the Unalaska River Valley, over a 460 m pass and then north into the unnamed
valley containing the springs; the l2-km trip requires about 2 hr. A road from
Unalaska village to Summer Bay along the coast of Iliuliuk Bay is under repair
and should be open by the summer of 1981. Both roads date from WW-I1II. The
springs are also accessible by small boat, although caution should be used.

The lake and associated streams in the valley are spawning grounds for
galmon, making the area popular with local aport fisherman. The springs are
reported to be used occasionally for recreation by local townspeople.

Vegetation in the valley is predominantly marsh grass. The adjacent
valley to the north Ls drier and sometimes used as grazing pasture for live-
stock. There are numerous old military buildings in the area which are now
by the local native corporation.

Geology

The valley is covered with alluvial deposits; beach deposits occur near
the coast. Bedrock consists of the Unalaska Formation, a thick sequence of
coarse— and fine-grained sedimentary and pyroclastic rocks intercalated with
dacitic, andesitic, and basaltic flows amd sills, cut by numerous dikes (Drewes
and others, 1961). Dikes near the springs site generally trend west-northwest
and were found to be feldspathic basalt porphyries.

Several northwest-trending normal faults occur in the area. A fault
immediately north of the springs site has a strike of N. 50° W. Another normal
fault located south of the valley has a similar treand and is thought to be
Recent (Drewes and others, 1961).

Spring characteristics

The thermal springs emerge from the alluvium into shallow pools located at
the base of the eastern valley slopes. The main pool is about 1 m in diameter
and has a maximum temperature of 36°C. Discharge from this pool, measured at
64 lpm, joins a small warm stream with a temperature of 15° to 20°C and a flow
rate of about 40 lpm. The combined waters in turn flow into a second 1 w-dia
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warm pool measuring 20°C. The warm waters eventually flow into a marsh that
drains towards the valley lake. Both pools are floored with organic muck and
exhibit slight gas bubbling.

During the fall of 1980, two shallow test wells were drilled into iron-
stailned sediments on the southeast shovre of the valley lake. The work was done
by Dames and Moore Associates under supervisian of a DGGS geologist (J. Reeder,
pers. commun.). The wells were spaced about 200 m apart and were located about
500 m northwest of the springs site, Both tests found a warm-~water aquifer
system in black sandy soils at a depth of about 13 m. Bedrock was encountered
at a depth of about 17 m. Water flowed from well 1 under artesian pressures at
180 lpm and a temperature of 50°C; well 2 showed 30 lpm and 44°C.

Table 20 gives the chemical and physical properties of thermal waters
sampled from the two wells during artesian flow and from the main pool at the
springs site. All three waters have chloride and sulfate as their major anioms
and sodium and calcium as the major cations. Compared to hot springs sampled
elsewhere in the Aleutians, the thermal waters at Summer Bay are notably low in
silica. However, the gystematic variations of water chemistry vs measured
temperatures at Summer Bay indicate that cold waters are mixing with thermal
waters (table 21). Except for Ca/Mg, the three waters are nearly identical in
each of the various ratios, indicacing that the waters have a common-parent
thermal water and that it undergoes varying degrees of mixing with cold waters.
The colder samples are generally more dilute than the warmer samples, which
suggests that the cold~water fraction i1tself is very dilute with respect to the
major constituents and that the chemical constituents present in the sampled
waters are mainly derived from the parent thermal water. The variation 1in
magnesium content could be attributed to varying degrees of reequilibration of
warers in the shallow warm-water aquifer or perhaps to the derivation of
magnesium from the cold-water fractioan,

Although the above evidence indicates most of the coastituents present in
the waters originated from a deeper parent water, the wells showed marine sedi-
ments at shallow depths. The possibility that some or most of the coustituents
present in the waters originated from interaction of warm waters with these
shallow sediments cannot be discounted.

Reservolir properties

The test wells drilled at Summer Bay documented the existence of a shallow
warm-water aquifer ranging up to 50°C and located south of the valley lake.
From the well log, the cap for the system appears to be a lightly cemented
layer of '“chalky clay" that occurs at a depth of about 10.5 m (Dames and Moore,
1980). Artesian pressure was probably provided in part by the surrounding
cold~water hydrostatic head and by the bouyancy of the heated waters. Bedrock
was encountered after passing through about a 17-m-thick sedimentary sequence
of coarse~ and fine—-grained sands and chalky clays, some of which contained
shell fragments. Bottom cuttings of bedrock from the wells were basaltic
chips.
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Table 20. Chemical composition and physical properties of
Summer Bay hot spring and wells 1 and 2
(all chemical analyses in mg/1l).

Hot spring Well 1 Well 2
Si02 18 35 25
Al nd nd nd
Fe 0.09 0.10 0.14
Ca 202 460 372
Mg 1.0 6.34 10.3
Na 150 332 276
K 3.0 6.49 5.45
Li 0.03 0.16 0.12
HCO4y 73 nd nd
80, 245 528 423
Cl 404 923 741
F 0.22 0.44 0.40
Br 1.25 3.02 2.65
I 0.00 0.19 0.00
B 0.5 0.5 0.5
HZS nd nd nd
Sr 0.94 2.0 1.52
pH, field 6.98 nd nd
Dissolved solids 1099 .1 2297.2 1858.1
Hardness (mg/CaCOj) 509 .68 1177.3 970.5
Sp conductance (pmho/cm at 25°C) 1810 3850 3000
T (°C) 35 50 A
Flow rate (lpm) 64 180 30
Date sampled 7/18/80 9/26/80 9/27/80

nd - Not determined.

Table 21. Ratios of chemical constituents in
Summer Bay thermal waters.

Ratio Thermal spring Well | Well 2
Na:Cl 0.37 0.36 0.37
K:Cl1 0.007 0.007 0.007
Ca:Cl 0.50 0.50 0.50
804 :C1 0.61 0.57 0.57
Ca:Mg 202 73 36
Na:K 50 51 51
Ca:Na 1.35 1.39 1.35

Table 22 summarizes the application of silica and cation geothermométry to
Summer Bay thermal waters. Even with the assumption of equilibration with
quartz, the silica geothermometer predicts a relatively cool, deep-reservoir
temperature of 60° to 86°C. Although the low silica contents of these waters
may be due in part to reequilibrium in the shallow warm-water aquifer, the
linear trend with temperature of silica and several other constituents indi-
cates that the low silica 1s probably due to extensive mixing of cold surface
waters with ascending thermal watera. Such mixing could also partially explain
the ambiguous tesults of the cation geothermometer,
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If mixing is assumed and the linear trend of the silica vs enthalpy line is
extended to its intersection with the quartz solubility curve (eg. Truesdell
and Fournier, 1977), the deep-reservoir silica-content and temperature may be
as high as 150 ppm and 160°C. Extrapolation of the linear chloride trend of
the surface and shallow aquifer thermal waters to 160°C suggests deep-reservoir
chloride concentractions may be as high as 5,000 ppm.

Comments

The chemistry of the waters and the location of the thermal site at the
floor of a drainage basin indicate mixing of cold surface waters and deep
ascending thermal waters occurs in the shallow subsurface warm-water aquifer.
Steep normal faults are located near the site, suggesting deep-seated fractures
are conduits for the circulation of meteoric waters. The waterg become heated
at depth and eventually emerge ar the floor of the valley. The trend of the
faults is in the direction of convergence of the North American and Pacific
tectonic plates in this section of the Aleutian arc.

Table 22. Summer Bay thermal-water geothermometry
(all temperatures in °C).

Thermal spring Well 1} Well 2

Surface temperature 35 50 44
Cation geothermometers

Na-K 109 108 109

Na-K-Ca (1/3) 92 95 95

Na-K-Ca (&4/3) 24 35 33
Silica geothermomecers

Adiabatic 60 86 72

Conductive 60 86 72

Chalcedony 27 55 40

Cristobalite 11 36 23

Opal -49 -28 -39

Silica mixing models indicate deep reservoir temperatures may be as high
as 160°C. Chloride-enthalpy analyses suggest that the thermal waters are briny
with a chloride content as high as 5,000 ppm. Future exploration programs at
Summer Bay should be designed to locate the fracture system(s) that are supply-
ing the hot geothermal brine to the shallow warm-water aquifer.
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AKUTAN ISLAND

Background

Akutan Island is located in the eastern Aleutian Islands at approximately
54°05' latitude and 165°55' longitude, about 45 km northeast of Unalaska Island
and 80 km southwest of Unimak Island (fig. 1). The island is about 20 km wide
and 30 lm long, with its long axis aligned with the trend of this segment of
the Aleutian arc. Vertical aerial photography is lacking for most of the
island and, except for the coastline and areas immediately adjacent to it,
topographic coverage on U.S8. Geological Survey and U.S. Coast and Geodetic
Survey maps is nonexistent or unreliable.

The island i3 mountainous and rugged with shorelines dominated by steep
cliffs and rocky headlands. Akutan volcano (1,300 m), a composite shield
volcanc, and 1ts satellitic vents dominate the western part of the island. The
volcano has erupted numerous times in recorded history and remains active, with
several eruptions occurring during the past decade. Portions of the island not
covered by recent volcanic flows show signs of intense glaciation: serrated
ridges, cirques, hanging valleys, and broad Y-shaped valleys. The east end of
the island is split by Akutan Harbor, a deep 8-km-long fjord. The lower eleva-
tions of the island are covered by a thin mantle of soil and recent volcanic
ash commonly blanketed by lush and verdant tundra vegetation.

Akutan village, the only habitation on the istand, is located on the east
coast of the island at the base of a steep 460 to 520 m ridge that borders the
north shore of Akutan Harbor. The village was established in 1879 as a fur
storage and trading post; in 1912 a whale-processing station was bullrc across
the bay from Akutan and operated until 1939 (Morgan, 1980). The present
population of about 120 inhabitants depends on subsistence, commercial fishing,
and fish processing for thelir economy. Several floating fish processocs now
operate in the protected waters of Akutan Harbor, which bring in a seasonal
influx of 200-700 nonresident workers.

Boats and amphibious aireraft are the only means of transportation into
Akuran, which has no airstrip. Reeve Aleutian Airways mailntains scheduled com-
mercial air service from Cold Bay and Dutch Harbor to Akutan by float plane.
Charter Air Sevrvices are also available from both villages.

Geology

Reconnaissance geologic mapping of the island was undertaken by F, Byers
and T. Barth in 1948. Copies of Byers' field notes and field map were made
available to DGGS courtesy of Beyers and the U.S. Geological Survey Archieves.
A brief description of the island's volcanic geology is alsc contained in Byers
and Barth (1953). A generalized geologic map based on their work appears in
figure 25.

Akutan Island consigsts of an older sequence of volcanics deeply eroded by
glaciation and a younger volcanic pile at the western end. The older volcanic
complex consists of a lower member of mainly pyroclastic deposits (chiefly
volcanic and ctuff brecciasg, with intercalated basaltic andesitic flows and
sills) overlain by a series of shallow-dipping basaltic and andesitic flows
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with some interbedded pyroclastic deposits. This sequence, which is exten-
sively exposed over much of the island and in places exceeds 700 m thick, has
been intruded by numerous volcanic necks, plugs, and dikes. A series of ring-
dike intrusions exposed on the northern part of the island suggest the
exlstence of an ancestral collapse caldera near the present site of Akutan
volcano,

Recent volecanic activity has concentrated at Akutan volcano with fresh
lava flows, lahars, and pyroclastic debris mantling the glacially eroded sur-
face of the older volcanic complex. The volcano is capped by a small 2-km—-dia
collapse caldera thought to have formed as recently as S00 years ago
(Byers and Barth, 1953). Recent prehistoric eruptive activity also occurred
northwest of Akutan volcano at Lava Point, where over 5 km2 of rough, jagged
aa lava extends seaward from a volcanic cone at the south edge of the flow,
The flow 18 over 20 m thick and composed of a vesicular porphyritic olivine
clinopyroxene basalt, with trachytic texture in the groundmass.

Akutan volcano is one of the most active volcanoes in the Aleutian chain,
having erupted more than 25 times since 1700 (Byers and Barth, 1953; Coats,
1950; Sean, 1980). The most recent eruptions include a lava flow that breached
the northern caldera rim in February 1974, a geries of incandescent ash erup-
tions in 1976 and 1977, a lava eruption in September 1978 in which flows
traveled 2 to 3 km down the north flank of the volcano, and a brief ash erup-
tion in late July 1980. The 1978 flow was examined by the DGGS in August 1980
and found to be still warm and degassing. One of the lava flows entered a
large stream channel. The flow rate of water draining from beneath rthe distal
end of this lava flow was estimated at several thousand liters per second and
measured 22°C.

The 1978 lava flows were found to be composed of a slightly vesicular,
porphyritic, olivine-bearing, two—pyroxene basalt. Phenocrysts consisted of 20
percent euhedral plagioclase laths, 0.4-2.4 mm long, 5 percent subhedral
clinopyroxene, 0.2-1.0 mm in size, 2 percent euhedral hypersthene up to 0.5 me,
and less than | percent unaltered subhedral olivine, 0.2 mm in size. The black
groundmass consisted mainly of glass with some scattered crystals of plagio-
clase, clinopyroxene, and magnetite.

Byers and Barth (1953) reported the existence of an acid lake, fumarolic
activity, and fresh lava flows within the Akutan caldera. Recent etuptive
activity, however, has probably obliterated much of what was present in 1948.

In addition to the active caldera and fresh lava Elows of Akuran volcano,

other geothermal activity that occurs on the island incluodes an extensive
series of hot springs located in a valley at the head of Hot Springs Cove.
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AKUTAN HOT SPRINGS
Location
Latitude 54°09' N., longitude 165955' W.

Unimak 1:250,000 Quadrangle (1951), T. 69 S., R. 112 W.

General description

Akutan hot springs are located in the easterm valley* at the head
of Hot Springs Bay on the northern side of Akutan Island (figs. 25 and
26). Numerous hot springs lie along the western margin of the valley
bottom in a 1.5-km linear zone extending southward from the intertidal
area on Hot Springs Bay. The valley is glacial, 1 km wide, and flanked
by steep parallel ridges vising up to 460 w high. The valley trends
S. 559 W. for 4.5 km from Hot Springs Bay before taking a sharp dogleg
to the west and terminating on steep serrated ridges extending from .
Akutan volcano.

The relatively flac-bottomed marshy floor of the valley 1is drained
by two streams, one on either side of the valley. The eastern fork joins
the western branch, which is the larger channel, about 1 km from the
beach to form a single flow to the bay in the northwest corner of the
valley. Vegetation on the valley floor consists of moist tundra and call
meadow grasses.’

The Akutan hot springs are located about 4 km northwest of Akutan
Harbor and 10 km northeast of the active Akutan volcano. Although ‘the
gprings are relatively close to the volcano, an intervening valley and
ridge forms a barrier to lava flows or debris flows associated with
eruptions. The springs are easily accessible from the village of Akutan
via a 6-km-long trail from the head of, Akutan Harbor over a 150-m pass and
down 2 steep slope. The springs can also be reached by boat, but caution
should be exercised.

The springs were well known to early Aleuts and to white fur traders
and are vreported in Waring (1917). Previous investigations of the springs
include Byers and Barch (1953) and Baker and others (1977). Land surround-
ing the springs site was selected by Akutan Village Corporation under terms
of ANCSA.

Geologz

The glacial valley containing the hot springs has been carved from a
massive volcanic breccia that in places exceeds 400 m in thickness. Rock
exposures on valley walls and ridge tops extending up valley from the springs

*The location of the hot springs on U.S. Coast and Geodetic Survey maps has
been mistakenly placed in the adjacent western valley.
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slce consist of a thick sequence of mostly autobrecciated lava flows and
some tuff breccias, with intercalated lenses and small sills of cognate lava.
The flow and tuff breccias tend to grade into one another without clear—cut
boundaries. Some exposures of the tuff breccias are palagonitic. The vol-
canics composing the breccias consist of porphyritic andesitic basalts con-
taining 30 percent subhedral phenocrysts of plagloclase, 0.4 to 3 mm long,
and 4 percent subhedral to euhedral phenocrysts of augite, 4 mm in size, in
a dark-gray aphanitic groundmass composed chiefly of plagioclase.
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Figure 26. Location -of Akutan and Akun Scrait hot springs.

Outcrops occurring downvalley at the Hot Springs Bay coastlines are
laharlike with large 1- to 2-m-diz angular blocks of andesitic basalrts
contained in a poorly sorted matrix of ash(?), scoria, and pebble-~ and
cobble~size volcanic-rock fragmencs. The labar unit is intruded by numerocus
vertical dikes, some of which are up to 5 m wide, with most having a general
E-W trend. The dikes are trachycic basalts consisting of a dark glassy
matrix containing from 10 to 30 percent phenocrysts of labradoritic plagio-
clase,

The valley itself is floored with an unknown thickness of alluvial
sediments mantled by so0il. There are two parallel dunes near the mouch of
the valley, the older of which is about 12 m high and lies about 1 km from
the coast behind an abandoned lagoon. The second dune is about 7 m high and
borders the present shoreline.
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Spring Characteristics

The hot springs occur along and at the base of the west valley wall in
a 3 km long zone that extends southwest from Hot Springs Bay (fig. 27).
The thermal waters issue from fissures in hydrothermally cemented stream
bank sediments, from pools in valley alluvium, and through beach sands in
the intertidal zone near the mouth of the Hot Springs Creek. Spring
locations, temperatures, and additional characteristics are provided in
figures 28 through 31. The springs have been grouped according to their
geographic location. Table 23 gives the chemical and physical properties
of thermal waters obtained from springs A3 and D2. Silica and chloride

analyses of sctrea, waters above and below site A and of a cold spring near
site A are given in table 24.
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Figure 29. Detail at Akutan spring site B.
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Site A is located on the west fork of the main channel of Hot Springs
Creek and contains the southernmost and hottest springs in the valley. The
thermal waters issue from numerous small fissures in hydrothermally cemented
alluvial sediments and from the bottom of pools into three small, elongate
shallow basins (fig. 28). Spring-vent temperatures in basins Al and A3, both
located near the west bank of the cold-stream channel, ranged from 40° to
78.5°C and 30° to 84.5°C,. respectively. Sinter deposits line the outflow
channels from these basins and appear to be cementing the surface sedimeats.
Basin A2, located on the east bank, contains a warm-water (17° to 39°C) pool
floored with muck and algae.

Thermal waters from all three basins flow directly into the west
fork channel. Thermal waters from Al, A2, and A3 flowed at 40, 51,
118 lpm, respectively. The stream bed of the west fork above the outflow
basin Al measured 75.0° to 83.2°C-just a few cm below the ground surface,
which indicates thermal waters are discharging directly into the
cold stream channel. The silica and chloride content of stream waters
above and below site A and in the sampled thermal waters provide a means
of estimating the cold- and hot-water mixing fractions in the stream
from the equation: Cy; = (1-X)Ch + XCe where X is the cold-water fraction
and C 18 the concentration of either silica or chloride in the mixed (m),
hot (h), and cold (c) fractions. The values from table 24 give a cold-
water mixing fraction of 0.922 for Cl and 0.928 for SiCy. Total water
flow in the west fork chaunel below site A measured 4,280 lpm + 5 percent.
The average of the Si10s- and Cl-determined mixing fractions gives an
estimated total hot-water discharge from site A of 320 lpm. Stream tem~
peratures above and below site A measured 9.8° and 15.4°C, respectively.
Substituting these values into the equation Tp = (1-X)Th + XT. gives an
estimated temperature at 84.50C for the hot-water fraction, a temperature
consistent with the hottest spring vent temperature measured at the site,
The heat flux loss represented by this hot-water discharge relative to
the stream temperature of 9.80C is about 1.6 MW.

Site B consists of four shallow, warm pools located about 300 m
dovm-stream from site A in 2 marshy area near the junction of the west
fork and the main channel of Hot Springs Creek (fig. 29). UHo obviocus
vents were perceived in any of the pools and the thermal waters appear
to be seeping directly through valley alluvium. The warmest temperatures,
38.5% to 49.89C, occur in Bl, a 20-m-long pool that drains into Hot
Springs Creek. Temperatures at the other pools ranged from 20°C at B4
to 47.8°9 at B2. No flow measurements were made at the site, but the
discharge from the pools appears to be considerable.

Site C is located about 1 km farther downstream from B and consists
of numetous seeps and small springs issuing from a series of fissures
in hydrothermally cemented sediments in the west bank of Hot Springs
Creek (fig. 30). Vent temperatures ranged from 40° to 74.8°C. Anamolously
warm temperatures measured a few cm below the surface of a gravel bar in the
creek indicate that thermal waters are discharging directly into the cold
stream channel. No thermal anomalies were detected on the opposite
bank of the creek.
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Table 23. Chemical composition and physical properties of
Akutan hot springs A2 and D2
(all chemical analyses in mg/l).

DGGS DGGS
spring A2 spring D2

510, 145 91

Al nd nd

Fe 0.05 0.03
Ca 11.3 11

Mg 2.5 11.8
Na L 323 128

K 24 .8 9.3

Li 1.28 0.34
HCO4 172 128
30, 42.7 26.4
Ccl 424 136

F 1.1 0.88
Br 1.31 nd

I 0.42 nd

B 11.4 3.4
st 0.5 nd

Sr 0.11 0.09
pH, field 6.98 6.82
Dissolved solids 1161 546.24
Hardness (mg/l CaCO3) 33.8 76.15
Sp conductance (pmhos/cm at 25°C) 1775 700

T (°C) 84 58.8
Flow rate (lpm) 118 20
Date’ sampled 8/7/80 8/8/80

nd = Notr determined.
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Table 23. Chemical composition and physical proverties of
Akutan hot springs A2 and D2
(all chemical analyses in mg/l).

DGGS DGGS
spring A2 spring D2

S10 145 - 91
Al nd nd
Fe 0.05 0.03
Ca 11.3 11
Mg 2.5 11.8
Na 323 128
K 24.8 9.3
Li 1.28 0.34
HCOq 172 128
50, 42,7 26.4
Cl 424 136
F 1.1 0.88
Br 1.31 nd
I 0.42 nd
B 11.4 3.4
st 0.5 nd
Sr c.11 0.09
pH, field 6.98 6.82
Dissolved solids 1161 546.24
Hardness (mg/l CaC0j) 33.8 76.15
Sp conductance (pmhos/cm at 25°C) 1775 700
T (°C) 84 58.8
Flow rate (lpm) 118 20
Date sawmpled 8/7/80 8/8/80

nd = Not determined.
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Site D consists of two .primary hot-spring basins. The associated
outflow channels also contain numerous fissures in cemented alluvium
through which the thermal waters issue. The site is located a short
distance downstream from site C on the west bank of Bot Springs Creek
at the base and upvalley side of an old beach dune, 1 km inland
from the coast. Vent temperatures at the site varied considerably---
from 26.3° to 54.0°C. No flow measurements were made; the combined
discharge from the basins probably does not exceed 50 lpm. High tempera-
tures measured in the stream bed and gravel bar at the bend of Hot Springs
Creek indicates that thermal waters flow into the river here also.

The most rnorthexly site, E, occurs on the shores of Hot Springs Bay
in the intertidal zone east of the mouth of Hot Springs Creek (fig. 31).
Temperatures higher than those of local surface waters were found at
.10 ¢cm depth over an area of about 2,500 w2 of intertidal beach. The
highest measured temperatures (62.5°C) occur adjacent to the ouvtflow
channel of Hot Springs Creek. Thermal waters emerging from the beach
sand have a high specific conductivity, reflecting mixing with tidal
waters.

Although flow measurements are available only for site A, the
combined discharge from all the springs, including thermal waters that
issue directly into Hot Springs Creek, 1is conservatively estimated at
greater than 600 lpm.

The thermal waters from spring A3 and D2 are moderately concentrated
sodium chloride waters with a relatively high level. of bicarbonate. The
more dilute waters of spring D2 may be the result of mixing with colder
surface waters, which may also account for the magnesium present in the
waters. The similaricty in the ratios of the conservative elements boron
to chloride in the two waters suggests the springs are derived from a
common parent thermal reservoir.

Reservoir properties

Table 25 summarizes che application of silica and cation geothermo-
metry applied to Akutan hot spring waters. 1In addition, an analysis of
the oxygen-isotope compositions of dissolved sulfate and water from hot-
spring A3 was obtained through the cooperation of N. Nehring (USGS,

Menlo Park, Calif.). The results of the analysis and the application

of the sulfate oxygen isotope geothermometer is given in table 25. No
boiling occurs at the surface and therefore T; = 186°C, the conductive
cooling temperature, is chosen as the sulfate geothermometer applicable

to the subsurface reservoir (McKenzie and Truesdall, 1977). This tempera-
ture i8 In good agreement with the Na-K temperatures for both springs

and with the Na-K-Ca '1/3' temperature for spring A3. For waters equili-~
brating above 150°C, the Na-K geothermometer is considered a more accurate
geothermometer than the Na-K-Ca (1/3) (Fourmier, pers. comm.). The

lower Na-K-Ca 1/3 temperature for spring D2 may have been partly caused

by dilution of ascending thermal waters with surface warers. Mixing
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may also account for the comparatively low silica temperatures, although
this may have also resulted from reequilibration of silica either on
ascent from the deep reservoir or during residence in a shallow reservoir.

The rate of equilibration in oxygen-isotope exchange between dis-
solved sulfate and water is substantially slower than that for the chemical
geothermometers (Si0;, Wa/K, Na-K-Ca) (McKenzie and Truesdell, 1977).

- Thus, unless the cold waters infiltrating into the deep reservoir have

a relatively short residence time within the reservoir ({18 yr) the
sulfate oxygen-isotope geothermometer is probably the most representative
temperature of the deep reservoir. If so, spring~A3 Na-K and quartz
conductive temperatures are the maximum and minimum, respectively:

Min iax Most likely Mean
Subsurface T (°C) 159 195 186 180

Table 25. Akutan Hot Springs geothermometry
(all temperatures in °C).

Spring A3 Spring D2

Surface temperature 84.5 58.8
Cation geothermometers

Na=-K 195 191

Na-K-Ca (1/3) 183 164

Na-K-Ca (4/3) 173 115
Silica geothermometers

Adiabatic 151 128

Conductive 159 132

Chalcedony . 135 105

Cristobalite 109 81

Opal 37 12

Sulfate-water oxygen isotope geothermometer?

180-505 %/00 180—H20 °/o00 T To T3

+0.32 -9.17 186 171 174

aN. Nehring, USGS, Menlo Park, Calif., analyst.
Temperature estimates are based on three different end-
member cases of water cooling discussed on page 26.
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The difference in chloride and silica contents of springs A3 and D2,

the similarity in their B:Cl ratios, and the large combined flow of the
springs indicate that the deep thermal waters may be diluting in a
shallow subsurface aquifer. 1If so, all three geothermometers would tend
to underestimate the deep-reservoir temperature estimates. Following
the method of Truesdell and Fournier (1977), applicaticn of the quartz
mixing model suggests deep-reservoir temperatures as high as 2359C.

Comments

No geophysical exploration or exploratory drilling has yet been
done near the Akutan hot springs. Thickness of the alluvial fill im the
valley is unknown but is probably on the order of 100 m. Bedrock under-
lying the valley may be an extension of the volcanic breccia sequence exposed
along the valley walls. If capped by hydrothermal cementation, such a

The estimated deep-reservoir temperature of 180°C is sufficient for a
variety of applications, including the generation of a modest amount of
electrical power, e.g., a 1-MW- well-head-driven Rankine binary system. The
nearness of this hot-water system to a well-protected deep-water harbor with a
population center and potential industrial users (e.g., fishing processors)
make the Akutan hot spring site a particularly attractive one for future
development. The ridge that lies between the site and Akutan volcano should
help provide a protective barrier from eruptions from the active volcano.
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AKUN STRAIT HOT SPRINGS

Location

Latitude: 5498.4'N., longitude: 165°38.4'W.;
Unimak 1:250,000 (1951); T. 70 S., R 111 W.

General description

Akun Strait hot springs are located on the east shore of a small
0.5~km-long unnamed islet adjacent to the southwest coast of Akuan Island,
south of Surf Bay (fig. 26). The springs are 9 km east of the village of
Akytan. Maximum elevation of the islet is about 35 m. At low tide
the islet is comnnected to Akun.

The existence of these springs was reported to the DGGS field party
by Luke Shelikoff of Akutan village. The hot springs may be those men-
tioned by Grewingk (1850) as located on a little island on the northwest
side of Akun Island (see also Waring, 1917, p. 3). The inhabitants
of Akutan village have no knowledge of any hot springs other than those
on the islet. -

One major spring and several seeps issue at half-tide level from
the north side of a prominent NE-SW trending basaltic dike. The dike
extends to the 20-m-high cliffs that tower above the beach. Local flora
is mainly tundra. Sea mammals and birds frequent the coastal waters.
The beaches are littered with gastropod shells.

The springs are accessible by boat from the village of Akutan but
requlres crossing of Akun Straic, which is relatively shallow (3 fathoms)
and has a 12-knot tidal current with heavy riptides, standing waves, and
overfalls.

The islet and adjacent Akun Island have been selected by the Akutan
Native Corporation under the provisions of ANCSA. A dwelling was observed
on Akun Island across from the springs.

Geology

The islet consists of consolidated, poorly sorted basaltic-andesitic
volcanlc rocks and clasts cut by a 1.5-m-wide vertical basaltic dike that
trends N. 55° E. Volcanic rock fragments exposed in the 20-m—high beach
cliff ranged from rounded and angular pebbles and cobbles to large angular
boulders. A sill-like feature exposed in the cliff is a lapilli tuff with
augite and plagioclase phenocryscs dispersed in a glassy matrix.

The basaltic dike contains 0.5-3 mm anhedral phenocrysts of plagio=-

clase in a dark-gray groundmass. Other phenocrysts present included
iddingsite, augite, and trace amounts of olivine.
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The southern part of Akun Island adjacent to the islet consists
of Late Tertiary and Quaternary basaltic and andesitic flows and pyro-

clastic debris (F.M. Byers, unpub. data, 1%948). Mt. Gilbert, a Recent
andesitic stratovolcano, lies 8 km north of the islect. ’

Spring characteristics

The spring emerges into a shallow pool alongside a basaltic
dike. The pool is 1.5 m in diameter and 0.5 m deep. Discharge from the
pool is small and estimated to be 15 lpm. Spring temperature is 42.80C.
Considerable gas bubbling occurs in the pool. Four seeps were found at lower
tide levels about 10 m seaward of the main spring. Temperatures of the seeps

ranged from 31.9° to 43.59C. Additional thermal springs and seeps may occur
below sea level.

Table 26 gives the physical and chemical properties of waters obtained
from the principal spring. The high dissolved solids, salinity, and
bromide content of the waters reflect the probable influence of seawater,
The springs are probably diluted by ocean water before they emerge at

the surface. Some of the waters charging the hydrothermal system may also
have originally been seawater.

The thermal springs are probably a result of deep circulation of
surface waters along fractures associated with the adjacent dike,

Reservoir properties

Table 27 summarizes the application of silica and cation geothermo-
metry applied to Akun Strait hot springs. Catlon geothermometry indicates
subsurface equilibration took place at temperatures above 100°C. There-
fore Na-K-~Ca (1/3) is chosen as the cation temperature representative of
the reservoir temperature. The quartz conductive temperature is 1029C.
However, in basaltic terrain chalcedony could also be the controlling
silica phase (Fournier, pers. comm.). In estimating reservoir temperature
the chalcedony temperature is taken as minimum, the quartz conductive
as most likely, and the Na-K-Ca (1/3) as maximum.

Min Max Most likely Mean
Subsurface T (°C) 72 118 102 97

The low rate of discharge of the springs suggests the thermal waters
cooled conductively on ascent. The high salinity of the waters and the
location of the springs in the tidal zone indicate that seawater inflltration
way also be causing cooling of the thermal waters. Seawater has a
chloride content of about 19,000 ppm and a sodium~to-chloride ratio
of 0.55:1. A ratio of 0.48:1 is found in the thermal waters, which have
a chloride content of 3,440 ppm. If the undiluted ascending thermal
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Table 26'. Chemical composition and physical properties of
Akun Straits hot springs
(all chemical analyses in mg/l).

Akun Straits

hot spring
$i0, 50
Al nd
Fe 0.19
Ca 475
Mg 45.5
Na 1660
K 34.9
Li 0.55
HCO4 82
50, 222
Cl 3440
F 0.67
Br 11.25
1 0.86
B 5.7
HyS 2.6
Sr 6.0
pH, field 7.47
Dissolved solids 6037.3
Hardness (mg/1l CaCO3) 1380
Sp conductance (pmho/cm at 25°C) 9800
T (°C) 42,8
Flow rate (lpm) 15
Date sampled 8/10/80

nd = Not determined.
Table 27. Akun Straits hot springs geothermometry
(all temperatures in ©C).
Surface temperature 42.8

Cation geothermometers

Na-K 112
Na-K-Ca (1/3) 118
Na-K-Ca (4/3) 102

Silica geothermometers

Adiabatic 102
Conductive 102
Chalcedony 72
Cristobalite 51
Opal ‘ -14
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waters are assumed to have a chloride content of 400 ppm (a level
similar to other thermal springs in the Aleutians not obvicusly affected
by seawater), the mixing fraction of seawater required to attain the
chloride level in the spring would be 16 percent. This mixing fraction
is nearly identical to the ratilc of bromide in the spring waters to
bromide in seawater. If mixing were taking place near the surface, the
temperature of the thermal waters before mixing would be 50°C for a
seawater temperature of 59C. Because seawater contains less than 3 ppm
silica, the premixed thermal waters would have had a silica content of
60 ppm. This value would increase the quartz conductive temperature
egtimate to 111°C.

No geophysical exploration has been done at Akun Strait hot springs,
and the extent of the subsurface reservoir is not known.

Comments

The hot springs probably result from deep circulation of surface
waters along fractures. The high salinity and bromide content of the
thermal waters indicate that the waters become diluted with seawater
on ascent or that seawater may be a major component of the deep circulating
system or both. Thermal waters may be discharging offshore and going
undetected. The remoteness, low temperature, and low flow rate make
these springs impractical for most geothermal applicatioms.
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ALASKA PENINSULA
FALSE PASS

Location
Latitude 54955.8' N., longitude 163014 .4' W.,

False Pass 1:250,000 quadrangle (1949); T. 61 S., R. 93 W., Sewarad
Meridian. )

Gepneral description

False Pass hot springs are located on the southwest side of a broad
glaciated valley that trends southeasterly from Hot Springs Bay, an
extension of Bechevin Bay (figs. 32 and 33). The springs lie about 1 km
inland from the head of the bay at the base of a steep ridge that rises
over 300 m. Existing aerial photographic coverage of the site is poor
because of cloud cover, and the topography of the immediate area is still
unmapped .

The springs emerge in two shallow pools in gently sloping alluvial
cover about 10 m above the main valley floor. Outflow from the two pools
converge into a single channel that joins a small unnamed stream abouc
150 m northeast of the pools.

The valley floor is relatively flat as a result of alluvial infilling
and at one time may have formed an extension of Hot Springs Bay. The
glope and shape of the valley and ridge topography indicates the major
erosional features are of glacial origin. Vegetation consists wmainly of
muskeg, grasses, and low bushes.

The nearest settlement to the springs is False Pass, a village of
about 60 inhabitants located on Unimak Island, about 16 km southwest of
the hot springs. The springs are accessible from False Pass by boar
across Isanotski Strait into eilther Traders Cove or Hot Springs Bay
and then overland to the springs. The heads of these inlets are very
shallow and negotiable only by small boat at high tide. In optimum
weather and water conditions a float plane can be landed on either Hot
Springs Bay or Traders Cove,

The False Pass area supports a fishery that is primarily dependent
on salmon. Village economy is based on this fishery and the local cannery.
The village maintains an alrstrip and is accessible from Cold Bay by
light twin-engine aircraft.

The Bureau of Land Management is currently transferring lands
surrounding the springs to the False Pass Village Native Corporation
under provisions of ANCSA. An easement for a 25-ft-wide trail from
Hot Springs Bay to the springs site has been established to accomodate
recreational use and scientific study. Additional easements have also
been made at the site itself.
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springs.

Location map for False Pass, Kenmore, and Egg Island hot

Ruins of the abandoned Native village of Morzhovol can be found
5 km from the springs on the southwest shore of Traders Cove (fig. 33).
An 0ld trail leading from Morzhovol to the springs, rotting lumber, and

an old building site at the springs Indicate that the former inhabitants
of this village used the springs for baching.

Geology

The geology of the area has not been mapped. Extrapolating )
from Burk's (1965) geologic map of the Alaska Peninsula northeast of this
site, the bedrock in the vicinity of che springs probably consists of
Quaternary volcanic rocks, including basaltic and andesitic flows and
pyroclastic flows (fig. 32). Outcrops on the ridge above the springs were
found to caonsist of weathered and slightly chloritized incerbedded andeslcic
flows. One of the flows examined was an olivine-bearing hypersthene
andesite. Bedrock outcrops are absent on the valley floor.

No active volcanoces are present in the immediate vicinity of the
site.
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Spring characteristics

The hot springs emerge in two shallow pools surrounded by ferns and
set about 2 m apart in the alluvium. 7The larger of the two pools is
2 m in diameter and is 0.5 am deep; the smaller pool is 1 m in diameter
and 0.3 m deep. The pools are floored with small boulders and cobbles
covered with thick mats of orange bacteria.

The temperatures of both pools measured 62.2°C. The larger pool has
the grearer discharge. Outflow from the two pools coalesce about 3 m
downslope from the pools. The combined flow was measured to be 225 lpm.
A similar rate of discharge was measured by Baker and others (1977) in
1977 . Both pools exhibited continuous. gas bubbling. The predominant
component is probably €09, but a faint odor of HyS was also detected.

Table 28 gives the chemical composition and physical properties of
waters obtained from the larger of the two pools. The waters are notably
low in dissolved solids, with the three major anions present in about
equal proporcion.

Table 28. Chemical composition and physical properties of
False Pass hot springs
(all chemical analyses in mg/l).

DGGS
5i0, 63
Al 0.15
Fe 0.02
Ca : : 20.4
Mg 0.01
Na 50.6
K 2.6
Li 0.08
HCO4 45
SOQ 46.9
Cl 53
F 0.3
Br nd
I - nd
B 1.5
H,S 0.6
Sr ' 0.1
pH, field 8.44
Dissolved solids 261
Hardness (mg/l CaCO3) 51.1
Sp conductance (pmho/cm at 25°9C) 375
T (°C) 62.2
Flow rate (lpm) 225
Date sampled 7/2/81

nd = Not determined.
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The thermal waters probably originate frowm circulation of meteoric
waters along a deep fracture zome. The surface expression of such a
zone would be masked by the alluvial cover. The valley in which the
springs lie is roughly colinear with a valley on the Pacific side of
the peninsula (fig. 33). The linear trend of the valleys, N. 500 W,,
is similar to the direction of convergence of the North American and
Pacific tectonic plates (N. 40° W.) in this sector of the Aleutian Range.

Nakamura and others (1977) have found evidence based on faults
and volcanic formations that, in the Aleutians, the maximum horizontal
compression 1s parallel to the maximum principal tectonlc stress, i.e.,
the direction of «convergence. Fractures and faults tend to propagate
perpendicular to the minimum stress direction, providing avenues for
circulation of meteoric waters through deep-seated hot rocks. Another
hot-spring system occurs on the Pacific Coast roughly in line with False
‘Pass hot springs and the valley trend.

Reservoir properties

Table 29 summarizes the application of silica and cation geothermo-
metry to False Pass hot springs. Cation geothermometry suggests sub-
surface equilibrium took place at temperatures below 100°C. The tempera-
ture given by the Na-K-Ca (4/3) geothermometer, however, is lower than
rhat weasured at the surface and is therefore discounted. Therefore, the
silica temperatures are relied on in estimating reservoir cemperature. In
basaltic terrain at temperatures below 150°C., the reservoir waters
could be equilibrating with either chalcedony or quartz (Fburnier, pers.
comm.). In estimating reservoir temperature, the chalcedony temperature
1s taken as minimum and quart2z conductive as both most likely and as maximum:

Min Max Most likely Mean

Subsurface T (°C) 84 113 113 103
Table 29. False Pass hot springs geothermometry
(all temperatures in °C).
Surface temperature 62.2

Cation geothermometers

Na-K 166
Na-K-Ca (1/3) 129
Na~K-Ca (4/3) 49

Silica geothermometers

Adiabatic 112
Conductive 113
Chalcedony 84
Christobalite 62
Opal ~4.5
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The hot springs issue from the surface at temperatures below boiling
and have a large combined flow rate, factors which suggest mixing of
colder waters (Fournier and Truesdell, 1974), 1In addition, their location
in valley alluvium increases the potential of dilution by infiltration
of surface and ground waters. Cold springs in similar locations else-
where on the Alaska Peninsula and in the Aleutians had an average tempera-
ture of about 10°C and a silica content of 20 ppm. By using these para-
metexrs to characterize the cold~water fraction and following the method
of Truesdell and Fournier (1977), application of quartz mixing models
give the following results:

Parent hot water

Mixing model Max T (9C) Si0> (ppm) Fraction (%)
Maxiumum steam loss 132 93 59
No steam loss 161 148 35

Temperatures, from the quartz mixing models must be used with caution.
No corroborative evidence for mixing such as from chloride-temperature
analysis or water oxygen-isctope analysis is availlable. Further, the
parameters used for the cold waters may not be representative of waters
actually mixing with the thermal water.

Some of the ascending thermal water may go undetected, discharging
beneath the surface into the alluvium overlying the bedrock. A shallow
reservoir may have formed in the alluvium cver the point of emergence
of hot wacers from the subsurface bedrock. If the residence time of
the waters in such a reservoir is long enough, the chemical constituents
present in the waters could reequilibrate to the lower temperatures.
Such a situtation could account for the anomalously low cation-equili-
bration temperature.

No geophysical exploration has yet been done at False Pass hot springs,
and the extent of any subsurface thermal reservoirs is unknown. '

Comments

Surface temperatures and flow rates at False Pass hot sprimgs are
sufficient for a variety of small-scale direct-heat applications, including
aquaculture and space heating. The estimated reservoir temperature is
well below that presently required for generation of electrical power. If
subsurface mixing of colder waters is occurring, however, mixing models
suggest reservoir temperatures of over 1500C, which could be enough to
generate electricity.
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Hot waters may be discharging below the surface directly into the
alluvium, If a shallow regervoir is present in the alluvium, drilling
of shallow wells into the reservoir could add substantially to the
resource presently emerging at the surface at a relatively low cost.

The hot springs probably result from deep circulation of meteoric
waters along fractures. Such fractures could be generated by the large

compressive stress caused by the convergence of two major tectonic
plates.
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KENMORE HOT SPRINGS
Location
Latitude 54©54.2' N., longitude 163908.6' W.; False Pass 1:250,000

Quadrangle (1949); T. 61 S., R. 92 W., Seward Meridian.

General description

Kenmore* hot springs are located on the Pacific shore of the Alaska
Peninsula near its southwescternmost end, halfway between Morzovoi and
Tkutan Bays (fig. 33). The springs occur at half tide level about 0.5 km
gouthwest of a stream draining a prominent glacial valley located opposite
Hot Springs Valley." Topographic coverage for much of this portion of
the Alaska Peninsula is lacking. The area has been intensely glaciated
with ridge tops rising to 460-560 m. Steep beach cliffs rise abruptly
from the shoreline along much of this part of the coast.

The springs are reached from the False Pass hot springs by
traversing a 300-m-high pass separating the Hot springs Bay valley on
the northwest side and the glacial valley on the southeast side. The
overland trek is about 8 km long. The site can be altermatively reached
by landing a swmall aircraft on a broad sand beach at the mouth of the
glacial valley, near a fishing shack. The existence of these springs
was reported to DGGS by a local fisherman, who had explored much of
the surrounding area.

Vegetation in the area counsilsts mainly of tundra, willows, and
alders. Local fauna include caribou, brown bear, fox, and abundant
bird life. Local land status 15 not known.

Geology

The geology of the area is still unmapped. On the basis of
geologic mapplng of the peninsula northeast of Morzhovoi Bay (Burk,
1965) and a brief reconnaisance of the hot spring area by DGGS in
1980, the region is inferred to consist of late Tertiary and Quaternary
volcanic flows, sills, and dikes and associated sedimentary rocks (fig. 32).
The springs are near a 2-m-wide vertical basaltic-andesitic dike with a
strike of 111°. The dike rock consists of about 30 percent euhedral
phenocrysts of plagioclase averaging 3 mm in length and andesine in com-
position, about 10 percent 3-mm phenocrysts of iddingsite‘in a matrix
of about 35 percent fine-grained plagloclase, and 20 percent fine-
grained iddingsite with traces of augite and opaques. The dike cuts
a series of volcanic flows and sedimentary rocks exposed in the beach

*Informal name.
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cliff. Additional dikes, pillow lavas, and columnar jointing in some
of the flows was also observed in the beach cliff. The mineralogy
of the pillow lavas was similar to that of the dike by the spring.

Spring characterisctics

The springs, which emerge in three small pools from amongst
beach boulders near a basaltic dike, are found at half-tide level about
30 m seaward of a steep beach cliff that rises 150 m above the shoreline.
Upwelling and gas bubbling cover an area of about 4 m?2. Temperatures
ranged from 40° to 43.3°¢C, with the highest temperatures occurring
in the largest pool. The discharge for all sources combined was visually
estimated at 80 lpm. No odor of HyS was detected.

Table 30 gives the chemical and physical properties of thermal
waters obtained from the largest and warwest pool. The waters are
notably high in dissolved solids. The large amounts of sodium, chloride,
and particularly magnesium and bromide suggest either a seawater origin
for the thermal waters or perbaps contamination by surface seawater
influx. If the Mg and Br in the thermal waters are assumed to be
derived solely from seawater contamination, the average seawater values
of 1,272 and 65 ppm for Mg and Br, respectively, yield a maximum cold
seawater mixing fraction of 5 to 8 percent. This amount of mixing could
account for a large part of the other constituents present in the
thermal water.

Reservolr properties

Table 31 summarizes cation and silica geothermometry applied to
Kenmore hot springs. The magnesium in the waters 1s assumed to
be mainly of surface seawater origin and no magnesium correction has
been applied to the cation geothermometer., The Na-K~Ca (4/3) geothermo-
meter indicates subsurface equilibrium takes place at temperatures
below 100°C. 1In estimating the subsurface reservoir temperatures,
the Na-K-Ca (4/3) temperature is taken as most likely, the chalcedony
as minimum, and the quartz as maximum:

Min Max Most likely Mean

Subsurface T (°C) 62 91 73 76

These estimates may be slightly higher if seawater contamination
is occurring. Alteynatively, the deep circulating thermal waters may
themselves be of a seawater origin. The flow rates of the springs are

low and cooling probably occurs by conduction during ascent of the
thermal waters.
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Table 30. Chemical composition and physical properties of
Kenmore hot springs
(all chemical analyses in mg/l).

DGGS
8102 41
Al nd
Fe 0.11
Ca 275
Mg 66
Na 783
K 13.2
Li 0.20
HCO4 102
50, 359
cl 1570
F 0.25
Br 5.19
I 0.09
B 3.0
H»S nd
Sr 1.8
pH, £ield 7.39
Dissolved solids ' 3220
Hardness (mg/l CaCOjy) 961
Sp conductance (pmho/cm at 25°¢) 5600
T (9¢) 43.3
Flow rate (lpm) 20 (est)
Date sampled 7/3/80

nd = Not determined.
Table 31. Kenmore hot springs geothermometry
(all temperatures in °C).
Surface temperature 43.3

Cation geothermometers

Na-K 101
Na-K-Ca (1/3) 104
Na-K~Ca (4/3) 73

Silica geothermometers

Adiabatic 93
Conducctive . 93
Chalcedony 62
Cristobalite 43
Opal =22
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Comments

The thermal waters probably result from the deep circulation
of surface waters (including possibly seawater) along fractures
assoclated with the dike intrusiouns in the area. Depth cf circula-
tion would reach 1.5 to 2.5 km if thermal gradients of 30 to 509C/km
are assumed. The remoteness, low discharge, and low remperature of
the springs make them impractical for most geothermal applications.
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EGG ISLAND
Location
Latitude 54956.1' N., longitude 162°54.6' W.; False Pass D-~3

1:63,360 Quadrangle, T. 60 S., R. 90 W.

General description

Egg Island is a verdant, elongate, wedge-shaped island located
about 1 km offshore at the eastern edge of the mouth of Morzhovoi Bay
on the Pacific side of the Alaska Peninsula (fig. 33). Egg Island is
only 600 m long, aligned northeast-southwest, with sea cliffs rising
sharply to a central peak about 400 m high. The island's steep slopes
are covered to varying degrees with coarse grasses and serve as rookeries
for multitudes of gulls, puffins, and murres.

Several hot springs and hot-water seeps are found on the southeast
shore of the island at low-tide level. The springs emanate from several
small fractures on a wave-cut platform of volcamic rocks that runs the
length of the island and extends seaward to the southeast for 50 m. A
narrow boulder beach borders the northwest side of the island. The
southwest side i3 incised by several tidal channels at least 5 m deep
and wide and up to 30 m long. The regularity of the parallel sheer walls
of the channels suggests some structural control in their formation.
These vertical walls are roughly aligned with the steep outer edge of
the above wave-cut platform.

Cold Bay is the nearest population center to Egg Island and lies
30 km to the NNE. The fishing village of King Cove is 40 km east of
the island. Although the island can be reached by boat or float plane
from Cold Bay, the boulder beaches and dense kelp beds that surround the
island make landings hazardous. Egg Island itself is part of the
Aleutian Wildlife Refuge System.

Geology

Waldron (1961) mapped Egg Island as a Tertiary hornblende~andesite

plug and correlated it with Amagat Island 3 km to the south, although

he viewed Egg Island only from a boat. Both islands are characterized

by exceedingly steep relief, but much of Lgg Island was found to be
*composed of a coarse—grained holocrystalline diorite containing euhedral

to subeuhedral complexly zoned plagioclase, biotite, and clinopyroxene.

A dioritic stock similar in lithology to Egg Island was mapped By Waldron
(1961) west of Thinpoint Lagoon, which is east of Egg Island; it intrudes
middle and upper Tertiary volcanics of basaltic composition. Egg Island

is separated from the peninsula mainland by a shallow, kelp-infested strait.
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On the other side of the strait 1s a broad U-shaped valley formed
on the flanks of the old Morzhovol stratovolcano. Farther north

1s Frosty Peak, a spectacular composite volcano of late Pleigtocene
or Recent age that is the dominant topographic and geologic feature
of the area, :

Spring characteristics

Several springs occur at low-tlde level and emanate from small
fractures in a wave-cut platform on the southeast side of -the island.
The springs are located midway down the length of the island and about
4 m from the outer edge of the platform. The main spring that was
gampled flows from the bottom of a small, 0.75-m-deep depression in
the horizontal bench of volcanic rock. The pool 1is only 0.5 m in
diameter, but is connected by channels to a network of similar pools
covering an area 2 m?. Three seeps with steady streams of gas bubbles
originarte from fractures in the bottom of this pool, which has a tempera-
ture of 50.69C. There was no stroung odor of HpS. Numerous tiny patches
of bubbling activity are found along fractures several meters inland on
the marine bench. A complete survey made of the periphery of the island
confirmed that geothermal activity is confined to the immediate vicinity
of the pool sampled.

Table 32 gives the chemical and physical properties of the thermal
spring sampled. Flow from the main spring area was impossible to measure
because of the interconnecting pools, but is probably considerable.
Although the sampling was performed at lowest tide, a time when the
ledge is essentially supratidal, waves breaking against the wall of rock
at the outside edge of the shelf splashed large amounts of seawater onto
that area of the ghelf. However, the low magnesium and sulfate present
in the thermal waters indicate little contamination of the water sample
with fresh seawater. This suggests that outflow from the spring must be
great enough to rapidly flush out most incoming seawater. The high
levels of sodium, chloride, calcium, bromide, iodide, and strontium
indicate seawater is the parent fluid that is being circulated at depth
and heated, with magnesium and sulfate being selectively removed by
subsurface water-rock interactions.

Although the iIntertidal volcanic shelf hosts a luxuriant growth

of algae, the hot-spring area is barren. There are no conspicuous
mineral deposits surrounding the spring vents.

Reservoir characteristics

Table 33 summarizes the silica and cation geothermometry of Lgg
Island hot springs. The cation geothermometers indicate subsurface
equilibration takes place at temperatures below 100°C. The Na-K-Ca (4/3)
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temperature is close to the chalcedony temperature of 69°C. alcer-
natively, the waters may be equilibrating with quartz and reservoir
temperatures may be ag high as 999C:

Min Max Most likely Mean

Subsurface T (°C) 69 99 70 79

Table 32. Chemlcal composition and physical properties of
Egg Island hot spring
(all chemical analyses in mg/l).

DGGS
$10, 47
Al nd
Fe 0.29
Ca 869
Mg 6.2
Na 2,030
K 18.3
Li 0.85
HCO4 67
SOy 26.5
cl 4,505
F 0.37
Br 14.79
I 2.94
B 32.5
H,S 0.15
Sr 5.02
pH, field 7.66
Dissolved solids 7,626
Hardness (mg/l CaCOj) 2,201
Sp conductance (pmho/cm at 25°C) 12,300
T (00) 50.6
Flow rate (lpm) (est) 200
Date sampled 8/21/80

nd = Not determined.

The combined flow of the hot-springs system i{s estimated at about
200 lpm. VWater chemistry indicaces that contamination with seawater
near the surface 1s minimal. If mixing of colder waters is taking
place it occurs at deeper levels and may not involve seawater.

Comments

The hot springs probably result from circulation of surface
waters along deep-seated fractures in the country bedrock. Chemical
analysis indicates that the parent thermal waters may have a seawater
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origin. If the waters are conductively cooling on ascent, the circulation
depths must be about 1.5 to 2.5 km, assuming geothermal gradients of
30 to 50°C/km.

Table 33. Egg Island hot springs geothermometry
(all temperatures in ©C).

Surface temperature 51

Cation geothermometers

Na-K 72
Na-K-Ca (1/3) 86
Na~K-Ca (4/3) 70

Silica geothermometers

Adiabatic 99
Conductive 99
Chalcedony 69
Cristobalite 49
Opal -16

Egg Island hot springs are thought to be the hot springs reported
by Waring (1917), from second-hand information, as occurring on an
island at the mouth of Morzhovaoi Bay. Waring assumed the island to
be Amagat Island, and the notion of hot springs occurring on Amagat
has persisted in the literature. However, residents of the Cold Bay
area could not confirm the presence of any springs on Amagat.

The small size, remote location, and poor accessibllity of Egg

Island and the inclusion of Egg Island in the Aleutian Wildlife refuge
wake this geothermal site a poor candidate for any development or use,
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COLD BAY
Location
Latirude 55°13.3' N., longitude 162°24.7' W., Cold Bay 1:250,000

Quadrangle (1943); T. 57 S., R. 87 W.

General description

. Cold Bay hot springs are located about & km east of Cold Bay, a
large embayment near the southwest end of the Alaska Peninsula (fig. 34).
The hot-springs site is near the southwestern edge of a broad lowland
formed by the merging of several valleys that drain northward from the
slopes of Mt. Dutton (1,475 m) and other mountains south and west of the
lowlands. These mountains have been deeply ilncilsed by glacier erosion.
Eskers and moraines form prominent local topographic features on the

lowlands, but the dominant surface expression of the lowlands is a pitted

outwash plain with numerous low hills and depressions that commonly

contain lakes, ponds, or mud playas (Waldron, 1961).

The outwash surface

in turn is blanketed with a thick cover of tundra, grasses, ferns, shrubs,

and thickets of alders and willows.
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The springs site consists of a series of hot springs, seeps, and
bubbling warm pools issuing from the soll on the south slope of a 1l5-m-high,
elongared hillock that is probably of glacial origin. The thermal waters
drain into a small cold-water creek that flows ENE. Numerous brown-bear
trails radiate frow the springs site.

The nearest settlements are the village of Cold Bay, located about
18 km west of the springs site and King Cove, an Aleut fishing village
about 20 km SSE. The springs are accessible from Cold Bay by small boat
to the eastern shore of the bay. An old trapper's cabin near the beach
and at the mouth of a prominent ravine serves as a landmark for the
beginning of a 6-km overland trek to the springs; no trail exists.-

The village of Cold Bay has a population of about 100 and serves
as the gateway to the Aleutians. It was a major staging area for Allied
Forces in the Aleutians during World War II. Abandoned, rusting
military buildings still dot much of the surrounding countryside. Today
the Cold Bay airport is a major crossroads for traffic servicing villages
and the fishing industry throughout the Aleutian and Pribilof Islands
and for aircargo flights to and from the Oxient. The village is also
the headquarters for the Izembek National Wildlife Range and for the
regional office of Alaska Departmenc of Fish and Game, which operates a
salmon hatchery near the village.

The village of King Cove is located on a protected bay affording
excellent anchorage for the local fishing fleet. The village population
of about 80 is primarily of Aleut and Scandinavian background. Most
of the fishing vessels in King Cove are locally owned and support a
local salmon and crab cannery.

The springs are presencly located within the boundaries of the
Izembek National Wildlife Range. The land surrounding the springs,
however, has been tentatively selected by the King Cove Village Cor-
poration under terms of ANCSA.

Geology

Bedrock exposed south and east of the lowlands consists of tan
late Tertiary sandstones and conglomerates that are more than 900 m
thick in places (Burk, 1965) (fig. 32). These strata, which probably under-
lie the lowlands, resemble the Miocene Bear Lake Formation of Port Moller,
but they may be equivalent to the Pliocene Tachilni Formation southwest
of Cold Bay. East and south of the lowlands and particularly in the
area of the Aghileen Pinnacles, this sandstone-conglomerate unit is
overlain by a thick sequence of Pliocene to early Pleistocene volcanic
breccias with a few interbedded lava flows. Farther east is the
Emmons Lake volcanic complex, which consists of Pleistocene and recent
volcanic flows and breccias and several active volcanic vents.
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The ridges and volcanic slopes bordering the lowlands have been
extensively modifiled by glacier erosion. Bedrock in the lowland area
1s mantled by an unknown thickness of glacier drift and alluvial deposits,
probably late Pleistocene and derived from these mountains (Waldron, 1961).
The low-land surface is in turn mantled by ashy and silty soil. A
semiconsolidated layer of tephra was found exposed in a stream bank
near the springs site about 0.35 m below the surface. The layer is a
least 0.5 m thick and consists of lapilli-size pumice and andesitic
rock fragments in a gray ash matrix of glass and crystal shards. Crystals
found in the layer include zoned euhedral plagioclase, hornblende, and
augite,

Spring characteristics

Over 14 hot springs, seeps, and warm pools issue from the soil in
an area of about 300 m by 200 m on the south slope of a small morainal
hillock (fig. 35). Table 34 lists the individual springs and their
temperatures. Spring A had the highest measured temperature, 62.3°C,
and spring L was estimated visually to have the greatest discharge.
Blue-green algae line most of the outflow channels and orange bacterial
mats occur In some of the hotcer pools.

Table 34. Temperatures of Cold Bay hot springs
(flows visually estimated).

Spring T (°C) Comments

A 62.3 Actively bubbling pool with moderate flow
( 30 1pm); pH = 5.55

B 51 Small bubbling spring ( 10 lpwm)

C 15 Low flow ( 10 lpm)

D 15 Low flow ( 10 lpm)

E 51-54 3-m-dia hot pool with continuous bubbling;
moderate flow ( 30 1lpm)

F 42.5 Low flow ( 10 lpm)

G 60 Bubbling spring with moderate flow ( 50 lpm)

H 44 Seep (1 lpm)

I 50 Low flow ( 10 lpm)

J 42.5 Gassy spring, very low flow ( 5 lpm)

K 22-25 Several shallow warm bubbling pools averaging
about 1 m in diz

L 53.6 Large pool and large flow ( 100 lpm); pH = 6.70

M 22 Seep ( 1 lpm)

N 40 Moderate flow ( 50 lpm)

0 41 Low flow ( 10 lpm)
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Figure 35. Detais at Cold Ray hot springs.

Table 35. Flow rates in major hot spring channels

Springs Flow (lpm)

A, B, C, D, and E 118
F, G, H, I, and J 89
L, M, N, and O 478

Total 685

The springs tend to occur in groups. The highest group, springs G,
M, and I, lies about 10 m in elevation above the lowest springs. Outflow
from springs in individual groups merge into three chamnnelsg, which
eventually drain into a cold-water stream at the base of the hillock. The
combined measured discharge for all three channels is 685 lpm (table 353).

The large measured flow rate constrasted with the lower visual estimates
made at the spring sources suggests that thermal waters may be infil-
crating through the channel beds and contributing to the outflow. Some
thermal waters may also be discharging below the surface and go undetected.

Considerable bubbling was noticed in several of the pools and springs.
An analysis of a gas sample obtained from spring A is given in table 36.
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The values for nitrogen and oxygen probably represent air contamination
because the proportions are almost those of air. 1In addition, during
analysis, gas pressure in the sampling tube was found to be very low, pos-
sibly due to equipment malfunction while acquiring the sample (W. Evans, pers.
comm.). Despite these problems, the analysis shows clearly that mecthane is
the major gas discharging with the thermal springs. The late Tertiary sedi-
mentary beds thought to underlie the area may be the source of this methane-~
rich gas.

Table 36. Analysis of gases obtained from
Cold Bay hoc springs, spring A.*

Volume percent

He 0.2
Hoy 0.1
Ar

07 } 6.03
Ny 27 .14
CHy 66 .04
€0y 2.85
CoHg , 0.06
HpS ~——

*W.C. Evans, analyst, USGS, Menlo Park, Calif.

Table 37 gives the chemical composition and physical properties of
thermal waters obtalned from spring L. Although no odor of H.S was
detected at the site, chemical analysis in the field showed a“trace amount
0of HyS in the waters. The thermal waters are notably concentrated in
sodium and chloride with the chloride content much greater than the combined
content of bicarbonate and sulfate.

Because Mg becomes increasingly less soluble with increasing temperature,
a high Mg content is sometimes thought to indicate a low equilibration
temperature (Potter and Fournier, pers. comm.). The Mg level at Cold Bay
hot springs, however, is consistent with the level of Mg found in other
thermal waters in the Aleutians and Alaska Peninsula examined in this study.
An alternative source of the Mg could be the mixing of a colder water.

Reservoir properties .

Table 38 summarizes silica and cation geothermometry applied to
spring L at Cold Bay hot springs. The silica geothermometers and the
closencss of the Na~K-Ca (4/3) temperature to 100°C indicate that subsurface
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Table 37. Chemical composition and physical properties of
Cold Bay hot spring L
(all chemical analyses in mg/1).

Site L
$i0- 125
Al 0.05
Fe 1.32
Ca 162
Mg 5.7
Na 751
X 16.4
L1 0.95
HCO 248
S0y 14
Cl 1370
F 0.67
Br 411
I 1.0
B 25
H,S 0.44
Sr 0.86
pH, field 6.70
Dissolved solids 2726
Hardness (mg/l CaCOy) 429
Sp conductance (pmho/cm at 259C) 4650
T (°C) 53.6
Flow rate (lpm) 100
Date sampled 7/6/81

equilibration took place at temperatures above 1009C. The Na-K-Ca (1/3)
tepperature is chosen as the minimum reservoir temperature, the quarcz
conductive as the maximum, and chalcedony as the most likely:

Min Max Most likely Mean

Subsurface T (°C) 116 150 125 130

The Mg correction suggested by Fournier and Potter (1978) for cation
geothermometry is too low to affect the above estimates.

The springs all emanate at temperatures below boiling and have a
large combined discharge, which suggest that subsurface mixing of colder
waters 1s occurring (Fournier and Truesdell, 1974). In addition, the
location of the springs in glacilal debris and near the foot of a moun-
tain range increases the potential of dilucion by infiltration of surface
and ground waters. A silica content of 132 ppm was found in rhermal
waters discharging from spring A, which has a temperature of 62.3°C.
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Table 38. Cold Bay geothermometry, hot-spring L
(all temperatures in ©OC).

Surface temperature 53.6

Cation geothermometers

Na-K 114
Na~-K-Ca (1/3) 116
Na-K~-Ca (4/3) 92

Silica geothermometers

Adiabatic 143
Conductive 150
Chalcedony 125
Cristobalite 100
Opal 29

Although the difference in silica contents between springs A and L is
within the variance normally expected from lab analyses, the correlation
of higher spring temperature and silica content suggests mixing.

No geophysical exploration has yet been done at Cold Bay hot springs
and the extent of any subsurface thermal reservoirs is unknown. A shallow
reservolr may have formed in the glacial debris over the point of emer-
gence of hot waters from the subsurface bedrock. The magnesium in the
waters emerging at the surface could have resulted from the reequilibration
of ascending thermal waters in such a low-temperature shallow reservoir
or from mixing with cold ground-waters.

Comments

Surface temperacures and flow rates at Cold Bay hot springs can
support 2 variety of small-scale direct heat applications such as aqua-
culture and space heating. The estimated reservolr temperature is below
that now required for generating electrical power. However, if subsurface
mixing of colder waters is occurring, mixing models suggest reservoir tem-
peratures may exceed 150°C, which may be high enough to generate electricity.
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EM{ONS LAKE HOT SPRINGS
Location
Latitude 55°20.0' N., longitude 162°08.4' W.; Cold Bay 1:250,000

Quadrangle (1943); T. 56 S., R. 84 W,

General description

Emmons Lake hot springs are located near the northern shore of an
8~km-long alpine lake that occupies the bottow of a steep-sided nearly
enclosed crescent-shaped basin lé-km north of Volcano Bay (fig. 34).
The lake lies at an elevation of about 300 m at the southwest end of a
20-km-long arc of active volcanism that extends from the glacier-clad
Pavlof Volcano (2,710 m) and Pavlof sister (2,135 m). Recent basaltic
flows from Mt. Emmons (1,325 m), the volcanic vent closest to Emmons
Lake, impinge on the lake's northern shore. The milky-blue lake is fed
in part by glacier meltwaters and drains into Volcano Bay through a
narrow gorge formed beside a fresh lava flow originating from Mount
Hague (1,400 m).

The landscape near the springs is a blend of heavily glaciated
older volcanic terrain overlain on the east by recent volcanic flows,
vents, and cinder cones. Steep glaciated valley walls tower 600 m
above the souchern and western shores of the lake. A small glacier
flows northwest from the summit of Mount Emwmons, and a somewhat larger
glacier occupies much of the upland south of Emmons Lake. The spectacular
Aghileen Pinnacles (1,200 m) and the scenic Cathedral Valley lie immedi-
ately north of the springs site.

The nearest communities are King Cove, located 35 km southwest of
the springs, and Belkofski, a small native village located 32 km due south.
The nearest commercial airport is at Cold Bay, 40 km west of the springs.
An airstrip long enough for twin-engined aircraft is located just north
of King Cove. The springs site lies in rugged alpine terrain and is
quite remote and difficult to reach. The DGGS field team used a helicopter
from Cold Bay.

Exact land status is unknown. Lands surrounding the spring site may
have been selected by the Tanadguisix Village Corporation under the terms
of the ANCSA. Otherwise the lands are under the jurisdiction of the
Bureau of Land Management.

The hot-springs site was first reported by Kennedy and Waldron (1955),
who estimated the spring temperatures at 60°C. They also reported that
six large fumaroles and numerous smaller ones occupied a steep gully on
the southwest side of Mount Hague, at altitudes ranging from 1,050 to
1,250 m.
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Geology

The regions east and south of Emmons Lake were mapped in 1946 by
Kennedy and Waldron (1955). The oldest exposed rocks in the area are
thought to be Tertiary and consist of arkosic rocks conformably overlain
by a thick sequence of fragmented volcanic deposits, principally well-
bedded tuffs south of Emmons Lake and agglomerate north of the lake.

The bedded rocks are intruded by quartz diorite stocks, basalt plugs,
andesite sills, and numerous basaltic dikes.

After a long interval of erosion, during which deep canyons were
carved in the tuff and agglomerate beds and in the intrusive rocks, a
series of basalt flows issued from vents along or near a great curving
rift of northeast trend and filled topographic depressions in the old
erosional surface. The most widespread of these older lavas is the
Dushkin Basalt, thought to be Pliestocene. The unit consists of a thick
series of interbedded flows and is well exposed in the cliffs south of
Emmons Lake, where it exceeds 650 m in thickness. Kennedy and Waldron
(1955) speculated that the crescent-shaped basin containing the lake may
be part of a collapse caldera formed when lavas of the Dushkin Basalt
were being erupted.

Recent velcanism is represented by six large stratovolcanoes---Pavlof,
Pavliof Sister, Little Pavlof, Double Crater, Mount Hague, and Mount
Emmons~-~~that lie along an arc about 20 km long and appear to be built
over a major rift of northeast trend. This chain of stratovolcanoes is
made up of interbedded lava flows and pyroclastic material, numerous
satellitic cinder cones and associated lava flows, and minor glacial
and alluvial deposits. With the possible exception of Little Pavlof, the
volcanoes have been active in Holocene times; Pavlof has erupted several
times in-the past decade.

Spring characteristics

The springs emerge from colluvium near the norchwest corner of
Emmons Lake at the base of a steep valley wall composed of Dushkin Basalt
and occur near the aggrading outwash delta at the head of the lake (fig.
36). There are several orifices dispersed over an area of about 1,000 mz,
which 1s marked by lush, verdant vegetation.

The hottest vent, which measured 65.1°C, occurs by itself, issuing from a
small pool abour U.6 m in diameter and 0.5 m deep. This spting is located
about 5 m above lake level and has a discharge rate of 38 lpm; calcite
coats the upper part of the channel where it flows into the lake. The
spring exhibited vigorous bubbling.

Several meters to the southeast, a small basir, about 20 m in diamecter,
contains several more spring orifices with temperatures ranging from 42.1°
to 63.69C. Numerous minor warm seeps also occur around the periphery of
the major spring vents. The combined flow rate of the thermal waters
weasured in the basin outflow channel was 560 lpm. The spring channels
were lined with orange-bacterial and blue-green algae mats,
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Figure 36. Detail at Emmons Lake hot springs.

Table 39 gives the chemical and physical properties of the thermal
wvaters obtained from the hottest spring vent. The watrers are notably
high in silica and in carbonate and mildly concentrated in sodium and
chloride. An analysis of gases emerging with the thermal waters is given
in table 40. The principal active gases present in the system are CO»p
and CH,. The nitrogen is probably of atmospheric origin with oxygen
selectively removed in oxidizing reactions.

Reservoir properties

Table 41 summarizes the application of silica and cation geothermo-
metry to Emmons Lake hot springs. An analysis of the 1802:l 0, ratios in
the thermal waters and in the sulfates present in the spring waters was
obtained through the cooperation of N. Nehring (USGS, Menlo Park, CA).
The results of the anlysis and the application of the sulfate-oxygen
isotope geothermometer appear in table 40,

Because the springs are well below boiling and no obvious manifesta-
tions of subsurface boiling occurs elsewhere in the area, T;=184°C is
chosen as the representative sulfate-oxygen isotope reservoir temperature
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(MacKenzie and Truesdell, 1977). This temperature is nearly idemntical to
the Na~K temperature but considerably higher than either the guartz-con-
ductive or Na-K-Ca (1/3) temperatures. Tor thermal waters originating
from a high temperature enviromment ( 180°C) the Na-K geothermometer is
generally considered to give excellent tresults, mainly because it is less
affecred by dilution (Fournier, pers. comm.). In estimating the deep
regservoliy temperature, the sulfate temperature is taken as most likely,
the Na-K as the maximum, and the quartz conductive as minimum:

Min Max Most likely Mean

Subsurface T (°C) 160 184 189 178

Table 39. Chemical composition and physical properties of
Emmons Lake hot spring
(all chemical analyses in mg/l).

Result
SiO2 148
Al nd
Fe 0.55
Ca . 30
Mg 0.97
Na 139
K 9.8
Li 0.6
HCO4 292
50, 51.5
cl 102
F 1.7
Br nd
1 nd
B 4.6
H5S 0.5
St 0.11
pH, field 6.24
Dissolved solids 780.8
Hardness (mg/l CaC0s) 82.6
Sp conductance (pmho/cm at 250C) 825
T (°c) 65.0
Flow rate (Llpm) 560
Date sampled 8/21/80

nd = Not determined,
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The high combined flow rate of the springs and the orifice temperatures,
which are considerably below geothermometer temperatures, suggest the
thermal springs are of a mixed origin. However, application of the silica
mixing model of Fournier and Truesdell (1977) resulcts in a line that does
not intercept the quartz solubility curve (pg. 38). Because no obvious
fumarole vents occur in the general area, steam separating from an adiaba-
tically cooling liquid seems unlikely and use of the maximum steam-loss
line in the silica mixing model appears unwarranted.' Either the thermal
waters emerging at the surface may have cooled after mixing or the
reservoir waters may have cooled parrly by conduction on ascent and

partly by nixing with colder waters. Any couwbination of the preceding
would invalidate the use of the silica mixing model. The lower quartz
temperature could also be due to precipitation of silica on ascent of

the thermal waters or because of reequilibration in a shallow lower-
temperature reservoir.

Table 40. Analysis of gases obtained from
Emmons Lake hot springs.2

Volume percent

He 0.01L
H2 0.005
Ar 0.66
02 0.22
N2 47 .6
CHy 4,36
Co, 47 4
Colg 0.01
Hes o=

aW.C. Evans, USGS, Menlo Park, California.

Comments

The Belkofskl Tuff appears to underlie the Dushkim Basalts exposed
near the springs. The tuffs, which are probably porous and highly permeable,
are capped by relatively impermeable basalt flows, providing the potential
for an excellent deep reservoir for geochermal fluids. The source of heat
driving the hydrothermal system may be a shallow body of magma suggested by
the high level of volcanic activity that occurs east of the springs.

The estimated reservoir temperature of 1789C places the hydrothermal
system in the high~temperature category-—-one that is potentially useful
for electrical power generation and a variety of other applicatious.

Because of the remoteness of the site, however, development of' the resource
appears unlikely.
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Table 41, Emmons Lake hot springs geothermometxry
(all ctewperatures are in ©C).

Surface temperature 65.1

Cation geothermometers

, Na-K 189
Na-K-Ca (1./3) 156
Na-K-Ca (4/3) 93

Silica geothermometers

Adiabatic 152
Conductive 160
Chalcedony 136
Cristobalite 110
Opal 38

Sulfate-oxygen isotope geothermometer?

(5180—SOA) %/o00 (8180-H50) o/o0 T) T, Ta

-0.61 -10.21 184 165 170

4N. Nehring, analysc, U.5.G.S5., Menlo Park, Calif.
Temperature estimates are based on three differentc end
member cases of water cooling as discussed on page 26.
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PORT MOLLER HOT SPRINGS

Location

Latitude 55951.7' N., longitude 160°29.5' W.; Port toller D-2
1:63,360 Quadrangle (1963); T. 50 S., R. 73 W.; sec. 13, SE1/4 of
SW1/4 of Seward Meridian.

General description

Port Moller hot springs are situated on the south side of Port
Moller Bay, southeast of Moller Spit and north of Mud Bay (fig. 37).
The nearest habitation is the Port Moller cannery which lies 16 km
north of the springs; the native village of Nelson Lagoon is located
near the Bering seacoast about 40 km northwest of the springs.

The principal thermal springs occur near the head of a shallow
0.5-km-long, N-S trending trough located adjacent to a 1l0~to 20-m-high
bedrock ridge that juts out slightly into Port Moller Bay (fig. 37).
Minor seeps of warm waters were also found at half-tide level emerging
from fractures on the wave-cut platform east of the ridge. The area
west of the trough consists of an undulating coastal lowland containing
small marshes and ponds and lushly vegetatred with muskeg, willows, and
aldexs. South of the springs site the terrain 1s ruggedly mountainous,
rising to the 825-m summit of Staniukovich Mountain. The bottoms of
valleys and gullies on the flanks of the ridges and mountains are vege-
tated with willow and alder thickets. Seaward of the springs sice lies

a huge clam-rich mud flat that extends several kilometers into the bay
at low tide.

The springs site is surrounded by numerous middens, some up to
2 m high, consisting of seashells and sea-mammal bones. The middens
and associated relict dwellings have beeun unearthed aund examined by
a team of archeologists from Hokkaido University, Sapporo, Japan
(Okada and Okada, 1980, and pers. comm.). The site has been intermic-
tently occupied for ac least 3,000 yr. Other archeological sites occur

in the area, but the Port Moller hot-springs site was by far the most
densely used.

The springs site can be reached by small boat or aircraft from
Port Moller. The beach north of the spring site is well packed,
allowing landing of bush airplanes. Port Moller can be reached by
charter air or boat from Cold Bay, 170 km to the southwest. The lands
surrounding the site have been selected by the local native corporation
under terms of ANCSA.

A summary of an early visit to the springs site is contained in
Waring (1917). More recently, Porct Moller hot springs were included in
a study of potential fish-hatchery sites (Baker and others, 1977).
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Figure 37. Location map for Port Moller hot springs.
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Geology

Bedrock in the area includes Upper Jurassic and Cretaceous sedi-
mentary rocks and Tertiary volcanic and sedimentary rocks chat form
the mountains and beach cliffs south and west of the site (Burk, 1965).
The small bedrock ridge exposed east of the springs consists of fossili-
ferous feldspathic sandstones and shales of the Staniukovich Formatrion,
which dip 15° to 20° to the west. The formation, which is Upper
Jurassic to Lower Cretaceous, is also exposed on the north flank and
summit of Staniukovich Mountain, where it is up to 600 m thick. Small
outcrops of Upper Cretaceous Herendeen Limestone, consisting of calcar-
eous feldspathic sandstones, occur at the base and flanks of Staniukovich
Mountain and conformably overlie the Staniukovich Formation. The shore-
line west of the springs site consists of the upper Cretaceous Chignik
Formation, a series of coal-bearing sandstones and conglomerates that
unconformably overlies the rocks of the Herendeen Limestone.

Early Tertiary volcanic sandstones, flows, conglomerates, and black
giltstones of the Tolstoi Formation crop ocut along the beach south of
the springs. These rocks are unconformably overlain by shallow-dipping
Pliocene volcanic rocks, flows, and breccia and associated vents that
comprise the east flank of Stanuikovich Mountain, south of the springs.

The nearest accive volcanoes, Pavlof and Veniaminof, lie about
110 and 80 km from the site, respectively. Mt. Dana, a Quaternary
volcano located 45 km southwest of the site, has had no recorded activity
in recent hisctory.

Spring characteristics

The hot springs occur about midway up a shallow gully floored with
sandy soil. The 0.5-km-long, 20-m-wide depression slopes southward
towards a small bight off Port Moller Bay. The thermal waters emerge
into a shallow muck-floored oval pool, 4.5 m long and 1.5 m wide oriented
E-W and set into the sandy soil. Waters from the pool drain southward
alongside a bedrock ridge in a channel lined with orange bacteria and
blue-green algae mats. The waters pass through a series of terraced
bathing pools past a small cabin before entering the small bight south
of the gully. Sea shells and rocks in the channel were coated with a
veneer of yellowish flaky material for several meters downstream from
the spring source. Vigorous and continuous bubbling occurs throughout
the pool. Maximum temperature was 71.39C; che flow rate measured in
the outflow channel was 52 lpm, slightly lower than that measured by
Baker and others (1977).
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Several addicional small warm seeps, about 20°C and accompanied
by virgorous bubbling, occur on the oppoaite side of the bedrock
ridge, directly east of the principal hot spriang. The watexs issue
at midtide level from a small vertical fracture.

Table 42 gives the chewical composition and physical properties
of thermal waters obtained from the principal hot pool. The waters
are notably high in sodium, calcium, and chloride and low in bicarv-
bonate and sulfate, though a measurable quantity of H7S was found
dissolved in the waters. The relatively high salinity of the waters
and the high bromide and strontium levels suggest that a portion of the
thermal waterg has a seawater origin. The very low level of magnesium
indicates little or no near-surface contamination with cold seawater,

Table 42. Chemical composition and physical properties of
Port Moller hot springs
(all chemical analyses in mg/l1).

Resuylt
S10- | 63
Al 0.05
Fe 0.03
Ca 228
Mg 0.16
Na 792
K 12.3
Li - 0.34
HCO4 71
50, 16.5
Cl 1615
F 2.7
Br 5.34
1 0.85
B 13
st 1.47
Sr 2.92
pH, field 8.24
Dissolved solids 2825
Hardness (mg/l CaCO4) 573
Sp conductance (pmho/cm at 25°C) 5300
T (9C) 71
Flow race (lpm) 251.5
Date sampled 8/18/80

Table 43 gives the chemical composition of gases emerging from
the hot-springs pool. The gases are notably rich in methane, which
probably originates from organic matter in the Staniukovich Formation.
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Table 43. Analysis of gases obtained from
Port Moller hot springs.2

Volume percent

He 0.01
H2 0.01
Ar 0.25
0, 0.02
Ny 11.61
CH,, 87.89
CO9y 0.02
CoHg 0.66
HoS -

4y.C. Evans, USGS, Menlo Park, Calif,

Reservoir properties

Table 44 summarizes the application of silica and cation geo-
thermometry to Port Moller hot springs. The Na-K-Ca (4/3) geothermo-
meter temperature indicates that subsurface equilibration took place
at temperatures below 100°C. For temperatures below 150°C, dissolved
gilica may be equilibrating with either quartz or chalcedony (Fournier,
1973). In estimating the reservoir temperature, the quartz~conductive
temperature is taken as maximum, the chalcedony temperature as mostC
likely, and the Na-K-Ca (4/3) as wminimum:

Min Max Most likely Mean

Subsurface T (°C) 75 113 84 91

Although the springs emerge at a high race of discharge, the geo-
thermometers are not much above surface temperature, which indicates
the thermal waters probably cooled conductively on ascent. Although
some mixing with cooler surface groundwaters cannot be dismissed because
of the low Mg content of the thermal waters, surface seawater is
unlikely to have contributed to such mixing.

Comments

Port Moller hor springs probably result from the circulation of
surface waters along deep~seated fractures in the host sedimentary
rocks. Spring geochemistry suggests that patrt of the deep thermal
waters may have had a seawater origin. If the waters are being heated
solely by conduction from wall rocks, circulation depths muyst be about
2 to 3 km, assuming geothermal gradients of 30 to 50°C/km.
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Table 44. Port Moller hot springs geothermometry
(all temperatures in °C).

Surface temperature 71.3

Catlon geothermometers

Na-K 97
Na-K~Ca (1/3) 102
Na-K-Ca (4/3) 75

Silica geothermometers

Adiabatic 112
Conductive 113
Chalcedony 84
Cristobalite 62
Opal 4.5

The low reservoir temperature and the remoteness of the site make
the resource impractical for most geothermal applications except
perhaps local space heating and recreation.
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MOTHER GOOSE HOT SPRINGS

Latitude 57°910.8' N., longitude 157°01.1' W.; Ugashik A-4 1:63,360
Quadrangle (1963); T. 35 S., R. 48 W. :

General description

Mother Goose hot springs are found at the northern base of Mount
Chiginagak (2,225 m), a large stratovolcano located on the Alaska
Peninsula, southwest of Ugashik Lakes and 25 km north of the Pacific
Ocean (fig. 32). The upper slopes of the volcano are mantled with
glaciers with tongues descending to elevations as low as 760 m. The
springs occur along the southwest side of a narrow flat-bottomed valley
formed by a tributary of Volcano Creek near its head (fig. 38). Volcano
Creek 1s fed primarily by snow and glacial meltwaters originating on
Mount Chiginagak and flows westward 15 km into Mother Goose Lake. The
floor of the valley of Volcano Creek has a flat flood-plain relief and
widens counsiderable as it nears Mother Goose Lake. The entire area lies
between the drainages of the King Salmon and Dog Salmon Rivers on the
Alaska Peninsula, southwest of Ugashik Lakes.

Villages nearest the springs are Ugashik, 44 km to the north, and
Pilot Point, 54 km to the norcthwest. The major transportation center of
King Salmon is 175 km north-northeast; Dillingham is 225 km due north.
The springs are remote but can be reached by float plane from King Salmon
to any of several nearby lakes and thence overland to the site. Muskeg,
grasses, and patches of alders constitute the dominant vegetation of the
valleys.

Mother Goose hot springs were investigated as a possible salmon
hatchery site (Baker and others, 1977), but was rejected because of its
remote location, poor surficial-water quality, and geologic hazards
assoclated with volcanic eruptions and possible periodic flooding. Koniag
Inc., of Kodiak, Alaska has selected lands adjacent to the spring under
provisions of ANCSA. The regilons surrounding the spring site are part of
the newly formed Alaska Peninsula National Wildlife Range.

Geology

Mount Chiginagak is part of the Aleutian arc of active volcanism.
The stratovolcano is composed mainly of Quaternary interbedded basaltic
and andesitic flows with associated pyroclastic material (Burk, 1965).
Tertiary volcanics are exposed on ridges and mountains east and west of
the volcano and may underlie the Quaternary sequence of Mt. Chiginagak.
Outcrops of volcanic rocks exposed in the vicinity of the thermal springs
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Location map for Mother Goose hot springs.
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at the base of the volcano are slightly altered porphyritic andesitic
basalts containing phenocrysts of hormblende, clinopyroxene, and labra-
dorite. The age of these volcanics is not clear but they may be related
to the older Tertiary volcanics in the area.

The Mother Goose thermal springs occur near the coutact between the
volcanics of Mount Chiginagak and the underlying fossiliferous feldspa-
thic sandstones of the lower Cretaceous Staniukovich Formation. Colluvial
sediments from which the gprings emerge cover the exact location of the
contact 1n this vicinity. The Upper Jurassic Naknek Formation, which
conformably underlies the Staniukovich Formation, is exposed in the valley
wall across Volcano Creek from the springs site. The Naknek Formation
consists of arkosic and feldspathic sandstones and siltstones and locally
abundant conglomerates.

There have been at least two reported eruptions of Mount Chiginagak
gince 1760 (Coats, 1950). An area of fumarolic activity persists on the
east flank of the volcano near the summit (Baker and others, 1977).

The upper reaches of Volcano Creek are incised into the flanks of
Mount Chiginagak and irs valley is floored with fluvial and colluvial
deposits. A whitish deposit coats the boulders in the channels of upper
Volcano Creek and may be due to wmineralized waters issuing from the base
of the volcano.

Spring characteristics

Two areas of thermal-spring activity, about L km apart, occur at
the northwest base of Mount Chiginagak south of upper Volcano Creek
(fig. 39). The larger and more westerly of the two areas cousiscs of
a series of thermal springs that emerge from colluvial debris cemented
by travertine, located at and just above the base of the south
valley slope. Most of the hot springs at the site issue from fissures
and seeps along the south bank of a small tributary stream that flows
for 300 to 400 m at the base of the slope before entering Volcano Creek
(fig. 39). The most conspicuous of these springs discharges from a
30~cm—dia hole in the cemented stream-bank sediments located just above
stream level. Thermal waters pour from the vent in a torrent of 66°C
water at a visually estimated rate of over 400 lpm. WNumerous other but

much smaller orifices occur along the entire length of this small scream,
and range from 37° to 63°C,

Temperature at the eastern head of the tributary measured 15°C.
Stream temperature above the main series of thermal springs was 36°C and
total flow was measured at 676 lpm. Just below the main spring MGl, the
stream had a measured flow of 2,570 lpm and a temperature of 50°C. At
che point where the small stream joins Volcano Creek its temperature is
45°C with a measured flow of 6,100 lpm. This tremendous flux of thermal
water discharging into Volcano Creek is much too high to be accounted
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for simply by flow from the visible thermal spring orifices; a consid-
erable addition of thermal water must occur below gtream level along the
course of the tributary stream. The heat flux represented by this dis-
charge of thermal waters referenced to Volcano Creek water temperature
of 9°C is approximately 4 MW.

Two additional thermal-spring areas occur on a small knoll that
rises 15 to 20 m above the tributary stream (fig. 39). MG3 counsists of
a series of small springs that emerge at a temperature of 60°C from the
upper part of an extensive travertine terrace. Spring discharge is
quite low, visually estimated at about 30 lpm. The large terrace suggests
that flow may have been much greater in the past.

Thermal spring MG4 discharges at a temperature of 64°C directly
into a 15°C cold-spring channel at a small waterfall thac marks an
abrupt break in slope. The hot waters were observed to emanate from
the contact zone between a l-m-thick surficial soil cover and underlying
cemented debris. Thermal waters at temperatures of 60° to 659C continue
to discharge into the spring channel for 50 to 60 m downslope before the
stream fans out onto a broad apron of travertine deposits that is inter-
mittently covered with vegetation. A flow measurement of 980 lpm was
obtained in the single drainage channel zbove the apron. Below tlie apron
the waters reenter the ground and drain through porous soils into the
tributary stream.

The other area of thermal~spring activity occurs l-km farther east
along Volcano Creek and was only briefly examined. The site counsists of
several pools and springs that range from 20° to 55°C. The thermal waters
emerge from lushly vegetated soil that overlies what appears to be an old
gravel bar of Volcano Creek located at the base of the valley slopes. A
few of the spring vents have associated travertine deposits.

Table 45 gives the chemical composition and physical properties of
thermal waters obtained frow spring MGl. The DGGS analysis of these
waters is similar in all respects to a previous USGS analysis of Mother
Goose thermal waters. The spring temperature reported by USGS, however,
was geveral degrees lower than that measured by DGGS for spring MGL,
indicating that either the USGS sampled a different, more dilute spring
or that MGL itself may have been more dilute in 1973.

The Mother Goose thermal waters are characterized by two seemingly
contradictory subsurface chemical indicators. The very high level of
silica and the comparatively low Na:K ratio suggests that ac least part
of the spring waters originate from a high-temperature reservoir. In
contrast, the presence of magnesium and the comparatively high level
of magnesium and calcium indicate that much of the spring water must
originate from a relatively low-temperature environment.
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Table 45.. Chemical composition and physical pioperties of
Mother Goose hot spring, MGL
(all chemical analyses in mg/l).

Spring MGl

810, 245
Al 0.05
Fe 0.12
Ca 227
Mg 131
Na 198
K 47 .4
Li 0.22
HCO3 560
804 491
Cl 528
F 0.41
By 0.81
1 0.21
B 0.8
HyS 0.5
Sr 0.42
pH, field 6.35
Dissolved solids 2430
Hardness (mg/l CaCOg) 1107
Sp conductance (umho/cm at 25°¢) 3000
T (°C) 66
Flow rate {(lpm) 2567
Date sampled 8/13/80

The fumaroles on the east flank of the mountain are evidence for
the passage of steam through the interior of the volcano, at least at
its upper levels. Condensation of volcanic steam and oxidation of H,S
and COy in infilerating cold surface waters would result in the forma-
tion of bicarbonate-sulfate-rich waters at shallow subsurface levels.
The resulting relatively cool waters might then drain through volcanic
flows, dissolving Mg and Ca along the way. As these Mg~rich bicarbonate-
sulfate waters migrate to the base of the volcanic sequence they may have
intercepted a high-temperature stream of chloride-~ and silica-
rich deep geothermal waters. The resulting mixture of such waters
draining through the relatively permeable underlying sandstone formations
and would then emerge from beneath the volcanic flows as thermal springs
at the base of the volcano. A situation similar co the forgoing hypothesis

has been demonstrated to exist at Hakone volcano in Japan (Oki and Hirano,
1970) .
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Reservoiy properties

Table 46 summarizes the application of silica and cation geother-
mometry to spring MGL of Mother Goose hot springs. A sulfate-water
oxygen-isotope geothermometer is alsc available from an earliexr USGS
analysis. Because of the puzzling chemistry of the thermal spring
waters, interpretation of the various geothermometers is problematic.

The level of magnesium in the waters renders the use of cation geother-
mometers uncertain and ambiguous. Although the high-silica content of
the waters indicates the presence of a high-temperature source near 1759
to 195°C, the silica concentration is nearly the equilibrium level

for amorphous silica at the gpring orifice temperature. This suggests
that gilica could have been equilibrated by the passage of relatively
cool waters through highly silicified strata. The sulfate gecothermometer
also suggests a relatively low reservoir temperature. However, the
derived sulfate temperatures may merely reflect the temperature of
sulfate formation at shallow levels rather than be representative of deep
reservoir temperatures.

Table 46. Mother Goose hot springs geothermometry
(all temperatures in °©C).

Surface temperature 66.0

Cation geothermomecers

Na-K 292
Na-K-Ca (1/3) 203
Na-K~Ca (4/3) 100
Na-K-Ca (1/3) Mg-corrected 20

Silica geothermometers

Adiabatic 180
Conductive 194
Chalcedony ) 175
Cristobalite 145
Opal 70

Sulfate-water oxygen-isotope geothermometer?

(8180-504) °/o00 (§L80-H,0) °/o0 T T2 Iz

5.87 -12,32 86 83 84

aFrom Nehring and others, 1980, erroneously lisced as
"Indecision Creek." Temperature estimates are based
on three different end-member cases of water cooling
as discussed on page 26.
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The high chloride content of the waters argues for the existence of a
deeper high—-temperature reservoir. Oa the basis of the chloride level and
silica content of the waters, the deep-reservoir temperature is estimated
to exceed 150°C. Even 1if the thermal spring waters are exclusively
derived from shallow warm-water reservoirs, the reservolir probably exists
because of heat derived from condensation of steam rising from a high-
temperature reservoir deeper in the volcanic system.

Comments

Mother Goose hot springs are distinguilshed from other thermal spring
systenms in the Aleutian arc by their enormous rate of discharge and by
their puzzling thermal-water chemistry. These waters are simultaneously
rich in both magnesium and silica, constituents that are indicative of
cold- wnd hot-water environments, respectively. The geologic setting and
chemistry of the Mother Goose hot springs are analogous ro spring systems
that occur at the base of Hakone Volcano in Japan (Oki and Hirano, 1970).
The Hakone spring systems have been shown to be derived from the mixing of
relatively cool waters from shallow reservoirs with high-temperature
gilica— and chlorite-rich waters ascending from a deep thermal reservoir,

Despite the ambiguity in applying the Mother Goose geothermometers,
the occurrence of fumarolic activity near the summit of~the volcano
indicates the existence of a deep thermal reservoir in excess of 150°C.
The Mother Goose hot springs are remote and probably are not practical to
develop for the foreseeable future. However, the spring gystem remains
one of the more interesting ones in Alaska.
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OTHER THERMAL SPRING SITES

The 1980 DGGS investigation of thermal-spring sites in the study
area extending from Atka Island to Becherof Lake was by no means
exhaustive. Several other thermal areas have been reported in this
region in addition to those described herein (fig. l). These addi-
tional sites fall into three categories; a) sites visited by DGGS
at which thermal activity either could not be found or the activicy had
substantially diminished (Bogoslof Island, Mount Peulik, and Ukinrek
maars), b) sites not visited by DGGS because of time comstraints
or remoteness but within which, based on the accuracy of previous
reports, thermal activity is considered certain or at least probable
(Atka north, Sequam, Chuginadak, Kagamil, Okmok, Unimak, Pavlof,
Surprise Lake, and Gas Rocks), c) sites not visited by DGGS about which
no corroborative information could be found and the existence of any
thermal-spring activity in the area is questioned (Atka west, Akun,
Amagat Island, Frosty Peak, Balboa Bay, and Stepovak Bay).

Sites Visited, Thermal Activity Wot Found or Diminished

Bogoslof Island

The listing of this site in the compilations of Miller (1973) and
farkle (1980) is based on Waring's 1917 account, which described the
occurrence of small thermal springs at the base of the volcanic island.
Bogoslof is a recently constructed volcanic island that lies in the
Bering Sea about 50 km north of Umnak Island and the main axis of
Aleutian volcanism (fig. 1). The island owes its existence to a
series of volcanic eruptions commencing in 1796. Details of the
geology and volcanic evolution of the island are given in Byers (1959).
Much of the island was blanketed by a series of tephra layers deposited
during eruptions in 1926 and 1927. A 0.5-km-dia basaltic dome emplaced
in 1927 now occupies the northwest end of the island. Byers did not
report any thermal activity on the island and the volcanic dome must
have cooled rapidly. A brief reconnaissance of the island by DGGS in
1980 found no signs of surface thermal anomalies, hot springs, or steam
vents, and the site is considered inactive. The craggy surface of the
dome and the steep beach cliffs have become a popular nesting area for
a huge population of puffins, murres, and gulls. The island lies within
the Aleutian Wildlife Refuge.

Mount Peulik

Waring (1917) reported a thermal-spring site near Mount Peulik
(1,600 m). The site is plotted om the south flank of Peulik Volcano
in Miller's 1973 compilation of Alaskan hot springs. A series of
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springs draining into "Hot Springs Creek,' a2 stream that drains the
south flank of Peulik (Ugashik C-2 1:63,360 Quadrangle, 1951) were
investigated by DGGS. The springs were found to be cold, highly
mineralized waters that drain from the base of a large recent volcanic
cone that is set in the wmiddle of the Peulik caldera. The cone may
have been associated with a major eruption reported to have occurred

in 1814 (Coats, 1950). The springs were undoubtedly warm at one time.
Fossil hydrothermal mounds and sinter cones occur at lower elevations
on the south flank of the mountain, but there are no associated thermal
springs nearby.

Ukinrek maars

Two explosion craters, located about 2 km south of Becherof Lake,
were formed 1n the spring of 1977 during a series of phreatomagmatic
eruptions described by Kienle and others (1978). Waters at the floox
of the west maar had cooled considerably from 81°C in 1977 to 11°C in
1980, The crater lake in the east maar appeared cold; the lake wacers
were not sampled because of the treacherous crater embankment.

Sites Not Visited, Thermal Activity Probable or Certain

Atka North

Located 4 km north of the Korovin thermal area on northeast Atka
Island, this site was reported to B, Marsh (pers. comm.) and tentatively
ldentified on aerial photos but a field confirmation was not made.

Seguam

This site, located 100 km northeast of Atka Island is a remote
island with an active volcano. On the basis of earlier Russian accounts,
Waring (1917) reported thermal-spring and mudpot activity. Coats (1950)
lists a major eruption on the island in 1902 and minor activity in 1927.
Seguam 1s included within the Aleutian National Wildlife Refuge.

Chuginadak

Chuginadak is located in the Islands of Four Mountains southwest of
Unnak Tsland. Waring (1917), on the basis of earlier Russian accounts,
listed hot-~spring activity at the base of the volcano on Chuginadak. The
island 1is within the Aleutian National Wildlife Refuge.
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Kagamil

Also located in the Islands of Four lfountains is Kagamil. Hot
gases were reported by Waring (1917). During an archeological expedi-
tion in 1936 Hrdlicka (1945) observed steam jets, warm caves, and
steaming beach areas on the south side of the island. The island lies
within the Aleutian National Wildlife Refuge.

Okmok

Okmok is an active, large shield volcano located on the northeast
side of Umnak Island. Thermal springs and fumarolic activity within
the caldera are described by Byers and Brannock (1949). New lavas
erupted since 1946 have covered much of the caldera floor. A large,
highly pressurized steam vent with vapor plumes rising several hundred
meters into the air is located in the west part of the caldera (C. Nye,
pers. comm.).

Unimak

The largest of the Aleutian Islands, Unimak is located directly
southwest of the Alaska Peninsula. Most of the 1sland is included in
the Izembek Wildlife Refuge. Several large stratovolcanoes occur on
the island, including the highly active and picturesque Shishaldin
Volcano. Waring (1917) reported hot springs in a marshy area at the
northern base of Pogromni Volcano. Another small warm spring on Unimak
was reported by a resident of False Pass village to be locared at an
elevation of about 600 m, ahout 2 km west of the village,

Pavlof

An active volcano located on the Alaska Peninsula directly wesct
of Pavlof Bay. Pavlof has erupted numerous times in the past decade.
Fumarolic actilvity was observed near the summit during an overflight

by DGGS in August 1980. The volcano subsequently erupted in November
1980.

Surprise Lake

This site is a warm crater lake within Aniakchak caldera which is
included in the Aniakchak National Monument. A study of the caldera
and thermal-spring waters was made by T, Miller and I. Barnes of the
U.S. Geological Survey (unpub. data).
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Gas Rocks

This hot spring is reported by Barnes and McCoy (1979) as located on
the south shore of Becherof Lake at che base of Gas Rocks. The thermal
spring is thought to have formed in conjunction with the recent eruptive
activity at Ukinrek Maars, 2 km to the south. The thermal waters were
reperted to lssue at 53°C and are highly concentrated in sodium and

chloride. The spring could not be located during a brief reconnaissance
in 1980.

Sites Not Visited, Existence of Thermal Activity Questioned

Atka west

This site is listed by Waring (1917) and in the compilations of
Miller (1973) and Markle (1980). Waring based his report on vague
earliey Russian accounts. Local inhabitants knew of no thermal-spring
area west of their village, and the site is presumed to be one of those
that occur on northeast Atka.

Akun

On the basis of earlier accounts of Grewingk (1850) and Dall (1870),
Waring (1917) listed two thermal-spring sices in this area, one occurring
on the norcthwest side of che island, the other on the southeast side.

The only thermal-spring site on or around Akun kmown to Akutan villagers
is the gite discussed on p- 106 of this report. Hild sol fatara activity
near the summit of Mount Gilbert, a volcano on the norchern part of the
island, is described by Maddren (1919), but this activity apparently
ceased by 1945 (Byers and Barch, 1953). The thermal springs listed as
occurring on Rootak Island south of Akun Island in Marble's 1980
compilarion probably do noc exist.

Amagat Island

On che basis of Grewingk's (1850) account of hot springs on a little
island at the entrance of Morzhovoi Bay, Waring (1917) placed the site on

Amagat Island. The site is probably actually the one located on Egg
Island.

Frosty Peak

Miller (1973) lists a thermal-spring site as occurring near Frosty
Peak and lists Waring (1917) as a reference. No reference to this site
could be found in Waring (1917) by DGCS and local inhabitants knew of
no thermal springs occurring in the general location given in

Miller (1973). The existence of these springs is considered doubt-
ful.
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Balboa Bay, Stepovak Bay, and Port Heiden

Vague accounts pertaining to the existence of thermal springs
in these three general areas were given by Waring (1917) whe was in
turn referenced by Miller (1973) and Markle (1980). Llocal inhabi-
tants could not confirm the existence of springs in any of these
three areas; no thermal springs were sighted during an aerial recon-
naissance of these localities by DGGS in 1930. '
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SUIMMARY

Three conditions have provided a favorable setting for the
development of bydrothermal convective systems in the Aleutian arc:
(a) active volcanic systems, (b) the likelihood of shallow, magmati-
cally heated rocks and (c) deep, penetrating fracture systems created
by major tectonlc stresses. Over 30 thermal-spring areas have been
reported to exist in the region of the Aleutian arc extending from
Atka Island to Becherof Lake, the area of study of this report. The
locations of these sites are shown in figure 1. During July and August
of 1980 DGGS performed field investigations on 20 of these reported sites,
many of which had not been previously described inm the literature. A
summary of 17 of these sites is provided in tables 46-49.

Thermal activity of the three other sites visited by DGGS either
had diminished substantially or no longer existed (Ukinrek, Bogoslof,
and Peulik). At least seven additiomal sites occur in the study area
at which thermal-spring activity is probable or certain but were not
visited by DGGS because of their remoteness or because of time con-
straints. The existence of several other reported thermal-spring sites
could not be verified; these sites are considered questionable.

Subsurface reservoir temperatures in excess of 1500C are estimated
for 10 of the thermal-spring sites investigated (tables 47 and 48).
These sites all occur in or near ({15 km) regions of Recent volcanism.
Five of the sites are characterized by fumaroles and steaming ground,
which indicates the presence of at least a shallow vapor~dominated zone
(table 47). Makushin Valley and Glacier Valley thermal areas both occur
on the flanks of the active Makushin Volcano, located on Unalaska Island,
and may be connected to a common scurce of heat. The Geyser Bight fuma-
role areas on Umnak Island are probably associated wicth a boillng sub-
surface hot-water system that feeds the extensive thermal-springs area
that occurs at lower elevations in the valley north of the fumaroles.
Gas geothermometry suggests that the reservoir feeding the Kliuchef
thermal field located on the flanks of Kliuchef Volcano of northeast
Atka Island may be as high as 239°C. The Korovin thermal field lies
near the floor of a valley 6 km southeast of Korovin Volcano and 5 km
northwest of the Kliuvchef thermal field. The alignment of the Korovin
and Kliuchef sites is sgimilar to those dikes that are exposed on the
island and to the direction of plate convergence in this sector of the
Aleutian arc,

The Geyger Bight thermal-springs area constitutes the hottest and
most extensive hot-water hydrothermal~convective system known in Alaska.
The thermal springs, most of which are at or near boiling, are dispersed
over a 4-km“ area on central Umnak Island. Deep reservoir temperatures
are conservatively estimated at 2109C and may be as high as 264°cC.
Although spring temperatures in 1980 were similar to those measured in
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Table 47. Idencifled hydeochermal convestive systems having vapor-dominated zonea---—
dleuzian arc, Atka Island to Becherof Lake

Surface manifescation

Y iuchel,
Atks [sland

Yozowin,
Atka Islaed

Glacler Valley,
Horthern Uo-
Alasks Island

Haluwhio Yalley,
aoartherna Ua-
alaska laland

Geyser Bighr,
Umnak island

Nuwe rous fumaroled, steam vencs,
vigoroualy boiling wprings, low-
chloride acid spriogs (pH.A-4&)

and intense hydrothermsl alrera-
tiop. Thermal field covers area
of 50,000 w? at 650 m elevarion
on west flank of Kliuchef volcano.

Steanm vents, pudpots, acld-sul-
face and neutyal springs, some
boillng vigorously, and acld-
sulfare warer lake, all tow in
chloride. Two alres about 0.5 ka
apart, each 50,000 a? at 225 o
elevatlon in Gtream valiey abour
& km 5W of Kotovin Volcano.

Hume rous fumaroles, steam vents,
and vigorously beiling low-chlar-
1lde springs. Inteose hydro-
thermal altera¢ion. Thermal
field covers ares 1/2 ka‘ ac

6350 elevation on SW flank of
Makyshia ¥olcand. WNumérous
neucral low-chloride hot zprings
and seeps at lower elevarlon.

Fumsroles, salcam venfu, cudpols,
aod bolllog acid-sulface, low-
chloride springs. Intense hydro-
thermal alreration. The 1
fleld covers area 1/2 km® at

835 m elevarion on E flank of
Hakushlc Yolcano, Heutral lou-
chleride hot springs and seeps

at lower elevation.

Two small areas conslsting of
fumareles, mudpors, and sceam
venls at 325 w elevaclon at head
of Ceyser Bisht valley. Areas
are 10,000 gf and abour 1/2 km
aparc. Thermal flelds probably
cannecied Lo deeper hor-warer
system.

Estimated regecvolr
temperaturea (°C)

Comments

739 (1

5 150 (1)

> 150 (1)

» L5 (T

7 150 (%)

The thermal field is located abour 12 km north of wvilllage of
Atka. The eysted may be a shallow wapor—dominaced wystem cap-
plog & deeper hor-water eystem. Regervelr Lemperature eaci-
mare Wag made by uslng gas geerherwometry. Twd additional
thermal fields lie on che south flank of rLhe volcane ar eleva-
tions of 1,000 and 31,300 m., Bost rocke are late Quaternary
shalljow~dipping bagalt and andegicic lava flows.

The thermzl fi1a2lds occur within snd around cracerlike depres-—
sions. The syetems may be pockete of vapor-dominated coovec-
tion overlying & deeper hot-water ayatem, Cold-witer gcreard
run adjacent to che thermal fields. Anccher chermal fileid
lytng & km nocch of che Xarovin eices bas been rentazively
identified from aerisl photographs. Host rocks are flat-lylng
Quaternary bagalc and andesicic flove.

This thermal fleld mey be comnmected Lo che game chermal acarce
drlviog the Makushin Valley chermal field. The wolcano has &
emall caldera, 4% Lo in dismeter, suggesting g ehallow mapma
chamber, Country rock 18 an intengely fractured grapodiorice
and gabbro overlain by basaltlc Flowa.

The Lhermal fleld le located ac che head of Hakuehin Valley
23 km west of Unalaska village and nbout 2 km norcth of che
Glacier Vailey site. Country rock 18 ictenesly fractured
granodiarire and gabbro overlain by basslcic flew. Boch che
Glaciler ¥Yalley and Makushin Valley ayoctems may be shallow
yvapor~dominated aystemsa oveclying & deeper hot-widler eystem.

The proximity of these therma) fields rhe serlee B Geyeer
Bight hot springs ¢} ka weat) suggeste they represent a
ghallow vapor-dominated syscem with ¢ream aupplied from &
subsuriace bolling water table,
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Ho. of
Site springs
Geyser Bight, Humecous
{mmak island
skurac B, Hume rous
Spr. Akutan
Island
Emmons Lake 12
H. Spr., AK
Penlnsula
Hat Sprilngs &
Cove, Umnak
1al.
Hocher Goose Nuomerous

H. 5pr., AK
Penlnaula

Table 48.
Est. total Spring
flow (lpm) remperacure (9¢)
1,000 60-~100
600 a4
600 65
1840 93.5
4,000 66

ldentified bydrothermal hoL-water couvection systeme T _ 150%C-—-

Aleutlan arc, Atka Ieland to Becherof Lake

Estimated reservoir

tewperature (9¢)

€ LT']

10

189

178

171

150 ()

Flye se¢parate het-spring sreas sund two fumarale fields cecur
slong a 4-km acretch of Ceyser Craek dralnage. Springs loweet in
elevarion lle 31 12 km south of Ceyser Bighr, Hottest surface
gpriap remperstures aad aybsurface temperature esclmatea occur at
glres C, H, and J; all three have smail geyeers. The fumsrole
fields may be connecced to che deeper hot-wster eysrem. Spriogs
mastly oecur elong valley eldes and emerge from shallow poole in
valley alluvium., Most dpringe are depositlag ailica in outilow
channels. Spring J has an exteneive eillica aproo coverlng over
500 . Ceyser Blght valley lies berweeo cthe highly accive Dimok
caldersa bystem 40 ko to the southwest. Country rock conslace of
late Tertlary and Quarernary wolcanle rocka averlying widdle Ter-
tiary plutonic rocks, -

The hot springs lile aleng or oear Hor Springs Creek 1o & % km
long zene extending eouth from Hot Springa Cove. Springa

ererge from pools in valley allovium or from flesures o hydro-
thermally cemenred acream-bank sedimencs. The eprings are loca-
ted 4 ko sorthweat of Akutan Harbor and 10 km noerchasar of Lhe
actlve Akutan volcano. Country tock is & wassive Qualernary
debris flov favceded by basaleic dikes.

Two zlusters of hor epringz lle along the northwest shore of
Ftamons Lake. The lake occuples @ trough that 1a thought to be
relared Lo caldera callapse. The area east of the lake la vol-
canically sctive wich sevaral lave flows 2mplaced (n Holocene
times, Quarernary velcanice cowpose the sursounding country and
hust rock. Sice 1e lecated 24 ko ngrth of the willage of
Belhkofskl.

The maj)or set of springs ave located kn the scuthwest corner of
the lLor-springs vallay 1 1/2 km sourh of Hot Springs Cove.

These springs emarge from pocls in the vaelley alluviuw or frca
Fiasures in the councry bedrack. Additlonal aprings occur &t the
bedch and are exposaed only at low cides. Councry rock coualses
of late Terciary and Quaternary velcanica.

Humerous springs and seeps occur along and sbove the sowrhwear
side of Volcdano Creek, which drains the noreh flank of the wvol-
cano Mi. Chiginagak into Mother Goose Lake 16 ¥m co the west.
The coabined tlow 1o vegy large. S5ilicp geochermometer pujgeals
aubsurface remperatures ag high as L9490, The extremely high Hg
content of the waters does mot allow an uwnamblguous applicacicn
of the cetion geothermameter. Sulfare geocharwomerry performed
by USGS indicaces a relatively cold reservoir ( 80°C). Country
rock consists ¢f Cretaceous and Jurassic eandstones, sllretones,
conglomeraces, and limescones averlain by Tertlary and Quaternary
volcanic flows (rom HMr. Chiginagak.



*sapak QON‘T 1oAe 3] pasn

uarq aapy s8uyiads 2yl a1edypur SUIPPTA JYI WOIJ PAUITICO “2IND H1-])
{s3uyads AQ3 PUNNLINS SUNPPTW SNOIJWAN  “JUQISPURS SN2 0IALY IamoT]
§1 ynoapaq [rao] cafpp1 ¥o03paq Mol Sujpusil-yines-tpizon paing
—os7 U §o 15om A{In8 morlens v jo peay syl e Suriyp jood v ozur
981myos7p sSurids Al "IATTOW 3J0d FO ABEI[TA Ayl 10 oS uny gy

‘Aeg INTTON 3304 JO 9prs 2ssmMyinos Yyl Uo paledo] ~ar sHurads ayg,

TpalrwIlsa uenyl

1287y Ajqrgoad sae saanieiadwal 1poarssax puv apqrqodd sp oaneg
~INS 2(1 IuAU 1AIPM UPAN0 Prod JO JUTIXTW " TRARL APUI- (177 1noqR
e ayyp ~riiesreq e Suote 281apydsyp s8utads Ayl ¥ [[1A pauop
—URQP UT WM0lj SS010p AT10911p 'PURTSI umjy jo is~a pur juaoelpe

puelsT TIFWS © jJo yoraq U1AISEa 3yl Uo paaedol ~1¢ siurids ayy

“EYDM01 Turoina LIvu

-1njend pur A1rT313] PIT] JO BISISUOD ¥20X 150y snhlroipuy LAnynaR
asupssTruunoal fpaddrmun s7 wale 3yl iTem AI[IEA UIHINOS Y JO
3seq Ayl 1P WNTANTIP AafTBA UT STood MO[[PRUS WO} ~ <8uyads
anl  *ssrq e=qrg Jo 38e{ITA Ayl Jo 1SEIYllou wy 9 puv R sRuradg
100 jo 31sea wy [ AATTCA 121o59[8 peolq ® uy paiede] a1r s¥urlds ayp

©89501 DTURITOA Karuiaziend pue Axeylaa] aq 01 1Anoul €71 30X

-pagq Burkiiapun  ‘mnlany{e pue 1Ji1ip 1970e73 Jo 1SISUND S1UAWIPIsS
A3[TEA  ‘U0IING JUNCKR JO YlIiou A3TIBA PrPOoIq B UT SAt] Iryd jrouy
Irrus ® jo adols uiayliou morieys ay2 Buore sdass sv 10 s1ood woxg
2910ma squtads 7 39AQ0  cAeg prod Jo a¥ey{ra 2yl Jo Isva wy /7 puw
Aeqg pro) jo 1sev2 W { paledo] i s3urids 1oy JO SIAISN[D [RIAARS

*ueadQ 2IJTOB4 IYI 0IUT SUIrIp Iyl
¥3910 ® JO ueq ulayizou 3yl Suore sdaas se 282 =Rutids ap1s
—273T2”4 AYL “1TOA19821 3TJBJINSQNS BwWes 2yl 01 prIn[A1 aq Kew
smaisAs Surads om1 ayl -s3uyads joy sA0) sBurads 10y Ayl 10 1sea
mwy & pue UPradQ OFJIded 9l WOlJ W T paiedol ~ar sAutrads asayy

T

43

€01

o€l

TET

1L Sy
€7 =
9 <t
v 004
v8 00¢

EEEL 0]

(Do) @Imieiadwa)
ITOAIRSDI PAIRWTIST

(0y) @anariadun) (ud7) mc(3
Buyadsg {r103 "1s3

AP JOI3Yd9g 01 PURTEI BMIY ‘21E URTINATY
~==Dp0ST?L>Dp06 SUNISAS UOTIDIAUOD TPWIAYIOAPAY A9lem-I0Y PATITIUAPL "6 arqerl

BIOSUTUA]
10U | Ny *‘-ads 'y
‘ac{em 71 IATTOR 3I30d
Ioutm 1S unyvy
[riaaas 1esu *1dg "y
‘aclem T 3TRIIS uUnYY
ensutuayg 1
¢-3de - ()
XV S 'H >
z sS5B3 AST¥J —_
|
ensutuay
Xy *r1ds g
L1 feg picd
“1s1 yeuvmd
sdaas ‘-1dg R
Teianag AA0) ACIIFg
s3ujads 211§
jo "oN



*04091 st g1y =1t »qg Leu gaynIr13dadl 131o0alasn) oo wayrd|put
FURIT €JJ[1S  ~SON[PA Ra[ ATIno[Puous 2Ar3 121pm0w v 1At gnr1r)
T3 6% 10 qadep woar 0,06 30 axnieradusy B oyiys docrebe 1aaea
—Warm R palalunadud Fup) (14 IwaDay AP XSRS mosl nvpuy Oy g

151
eRsejruy
““ads n

pur 28P{ITA MYSTIEL] 10 ISCayYl1lou WY g PpRIrdoy =7 durrls ayfurs vy 43 npe= 1 Leg a=ng
‘prITRIIISAIApUN
3q APu =aINIF1AdUAT fORIINSQNS puP 3Tqeqadd SY IAIrA rmasc 3apjiod
Jo [UIXTER CAYPP DTA[ESTQ T 01 JURIR(PPE RAAPINIa 1 + Suomm
WOIY {AAAT 2pYI1-1T™ 1@ aB1awy sfuyads syl CsTuglade amy s<Eg PINsgUTUR]
2STry wni} ssod ACT T SSOAIT YINOS MY g T{ASUIUN,] ry=r(v =yl jo NV "tads ‘y
PUA 1<amipInas M1 apau SIS Of JpIeg 3yl vo padrdap ~xe »luyads Ay 9/ <y n= s 2lcwuay
TpRIcmy ANasaprun ag Lew
S3INInIndie] AT IInsqRS pue 2[qeqold S} 231va urdle it 1~ RuiXIR
TANIP OF\vvrg R Ruole (a3 apri-JiR| 1' 3fanwa <Fuyads ~qr Aoy BINSOIUAY
JAANZICKE )& 1IN0y Ag) IR AUFYASEOI ISAAYIhNS o) A1 Juas w(pe =a1y Yy '"1dg o ‘p
usIym ‘purisy 933 Jo yIeaq yines 1 uo pairTra( Ay =<Rurads ay) 61 1$ s 1 por(s| ¥73
s3uduotmo) ) NQOV QINICIAqwa Y (Vn) 2amir1aduan A 1) Ao <rurids ERAN

IY9AIISII palewyasy

Fuyadg [mir1 3151 jo otey

VR 104N g 91 puPTS] o BY1Y ‘JXE iin1InAly
~—=Jg0E>), SWAT<V NNCIRIANGSN TPWIAGIOIPAY II1EA-30y [R]I11IUaP] ¢ FIGQRL

~161-



1947, the combined flow from the hot springs, estimated at 1,000 lpm

in 1980, appears to have decreased appreciably since the 1947 observa-
tions. A decrease in discharge of thermal springs at Hot Springs Cove,
northeast of Geyser Bight, was also noted. A geothermal reservoir
temperature of 180°C is estimated for Akutan hot springs, a l-km long
zone of thermal springs with an estimated flow rate 600 lpm located

10 km northeast of the active Akutan Volcano. The proximity of this
resource to Akutan Harbor (4 km) and Akutan village make the site a
promising candidate for future development. Emmons Lake hot-springs
site, located in a remote regilon of the southwest Alaska Peninsula, 1s
estimated to have a reservoir temperature of 178°C. Discharge from the
60°C thermal springs was measured at 600 lpm. Mother Goose hot springs,
located at the base of Mt. Chiginagak, an active volcano on the Alaska
Peninsula, are distinguished by theixr enormous rate of discharge (~4,000
lpm) and the mixed character of their thermal-water chemistry. Deep-
reservoir temperatures at Mother Goose are tentatively estimated at
»150°cC.

Five thermal-spring sites were identified to have reservolr
temperatures in the range of 90° to 1509C. Partov hot springs may be
related to the thermal springs of Hot Springs Cove. The sites lie
about 5 km apart on central Umnak Island. The Cold Bay, False Pass,
and Port Moller sites are all relatively remote (20 km) from areas of
Recent volcanism. Akun Strait hot springs are located in an intertidal
zone; Port Moller hot springs are a few meters above high-tide level.
The False Pass, Akun, and Port Moller sites all appear to be associated
with local fracture systems.

Two of the three sites identified as having reservoir temperatures
greater than 90°C (Egg Island and Kenmore) occur in intertidal
zones and are assoclated with dikes and fracture systems. The Summer
Bay thermal spring occurs 2 km inland and is fed from a mixed warm-water
aquifer. Comparison of chemistries of water samples obtained from two
shallow drill holes and the spring suggests that the parent thermal
water mixing with colder surface waters within the acquifer may originate
from a reservoir having a temperature as high as 160°C.

The thermal-springs sites in the study region tend to fall into
three general terrain associations: a) those that occur on the flanks
or at the base of Recent volcanoes; b) those systems that occur near
Recent volcanoes and on or near lineations that suggest fracture or fault
control for the thermal-spring occurrence; and c) those systems that are
remote from any Recent volcano, typically occur at or near the coast,
and appear to be related to local fractures or dikes. These associations
are reflected in the wide variation in water chemistry of the Aleutian
axc thermal springs that were sampled (App. C). Figure 40 presents
the major-ion chemiscry plotted on a Piper Diagram. Springs directly
associated with fumarole and steam fields on or near Recent volcanoes
are characterized by extremely low chloride (<50 ppm) and often low pH.
Some of the near-neutral, low-chloride springs ave comparatively rich
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SAMPLE CODE

Sumnmer Bay

Makushin - Glacier Vatley 1
Makushin - Glacier Valley 3

Makushin Valley 1
Makushin Valley 2
Partov Cove

Hot Springs Ceve E1
Hot Springs Cove ES
Geysers Bight GB
Geysers Bught §
Geysers Bight ¥
Geysers Bight L
Akutan A2
Akutan D2

Akun

False Pass
Keamare

Eqq Istand

Cold Bay

Emmons Lake
Par1 Maller
Mother Goose
Wionrek Maars
Korovin Bay A

Korown Bay B
Sea Water
Average River Water

CATIONS

20

ANIONS




in bicarbonate and sulfate and have high levels of magnesium and cal-
cium relative to sodium and potassium. Such waters appear to originate
from the heating of surface waters circulating in shallow reservoirs by
condensing steam and volcanic gases rich in HyS and CO,.

Thermal waters from high-temperature systems associated with
inferred deep-fracture systems such as Geyser Bight and Akutan hot
springs are typified by mild to moderate concentrations of alkali-chlor-
ides, low Na:K ratios, and high levels of silica. Geyser Bighr and Hot
Spring Cove are also characterized by high levels of boron compared to
other Aleutian arc hot springs. The constituents of these thermal waters
are probably derived largely from the interactlion of hot-wvater with wall
rocks during long-term residence in deep~-seated geothermal reservoirs.
Depths to such reservoirs are largely unknown, but on the basis of occur-
rences elsewhere in the world, they probably lie 1 to 3 km deep. Some
congtituents may also come from even deeper primary higher temperature
soidum-chloride brines, which are thought to develop over cooling bodies

of magma.

Thermal springs that are associated with relatively low subsurface
temperatures and occur at or near the coast are commonly a moderately
concentrated sodium-chloride water usually with measurable quantities
of bromide. The constituents in these waters probably originated in part
from the circulation of seawater in deep-fracture systems, with magnesium
and sulfate being selectively removed in high-temperature water-rock
reactions.

Carbon dioxide is the dominant gas present in all but one of the
nine gas samples obtained from hot springs and fumaroles located in the
region of study. Methane predominates at Port Moller hot springs. Nota-
bly high proportions of hydrogen (5.9 percent) and hydrogen sulfide
(1.6 percent) were detected in samples obtained from the Kliuchef thermal
field. Enrichments of 3He in gases obtailned from Makushin Valley fuma-
roles are typical of island-arc settings. The excess e is thought to
be of mantle origin.

Many of the hydrothermal systems in the study region appear .to be
intimately associated with the magmatic activity that pervades most of
the Aleutian arc. Deep reservoirs probably reside in most cases in mag-
matically heated, porous, and permeable older rock formatioms that under-
lie the Quatermary volcanics. Widespread lava flows and hydrothermal
cementation can act as effective caps on such hydrothermal reservoirs.
Fracture and fault systems generated by the counvergemnce of two major
tectonic plates probably help provide avenues for the deep circulation of
surface waters into these magmatically heated reservoir rocks and perhaps
also contribute to the release of deeper magmatic fluids. These fluids
eventually emerge as hot springs and fumaroles. Thermal springs remote
from centers of Recent volcanism probably derive their heat solely from

the regional geothermal gradient by circulation along deep fracture
systems.
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Three locations have been identified in this study where the poten-
tial for the development and utilization of geothermal energy ranges
from highly promising to outstanding: Akutan Island, northern Unalaska
Island, and northeast Atka Island. All three have high-temperature
( 150°C) geothermal resources that are located near existing population
centers that have excellent, well-protected, deep-water harbors. Two
of these centers, Akutan and Unalaska villages, presently serve as the
major supply and processing ports for most of the aleutian-Bering Sea
fishing fleets. The third, Atka Village, is presently a subsistence
community and 15 actively seeking an energy base for the development of
a local fish processing industry. The estimated reservoir temperatures
are probably sufficient for producing moderate amounts of electrical
power (1-5 MW) in all three localities with Rankine-type binary systems
or perhaps through flash-steam production. Cascaded uses are possible
for direct space heating and industrial processing.

Although the Geyser Bight geothermal resource is the hottest and
most extensive thus far identified in Alaska, the lack of protected
deep-water harbors and potential users on Umnak Island make the develop-
ment of this resource impractical at this rime.
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APPENDIX A

ABDREVIATIONS, UNIT SYMBOLS, AND CONVERSION FACTORS

Abbreviations

DGGS - Alaska Division of Geological and Geophysical Surveys
ICAP ~ Inductively coupled argon plasma

nd - not determined

USGS - U.S. Geological Survey

Unit symbols

e - degrees Celsius
cm - centireter

J - joule

kg -~ kilogram

km - kilometer

1 - liter

lpm - liter per minute
m - meter

mg - milligram

ug - microgram

ug/1 - microgram per liter
L - millimeter

m.y. - million years

ppm - parts per million
umhos - micro mhos

Conversion factors

°c -~ 5/9 9Fahrenheit - 32
OC/km - 5/9 OF -32/0.621 mile
cm - 0.394 inches
gm - 0.035 ounce
joule - 0.239 calorie (cal)

- 9.480 x 10°~%4 British thermal unit (Btu)
10184 - 1019 Bty - 1 quad
kg - 2.205 pounds
km - 0.621 mile
1 ~ 0.264 gallon
lpm - 0.264 gallons per minute
m - 3.281 feet
mm ~ 0.039 Inch
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APPENDIX B

PRECISION OF WATER ANALYSES
(from Skougstad and others, 1979)

Relative deviation

Constituent Analyses Mean (mg/l) percent

$10, 12 5.87 9
19 36.5 3

al 4 0.0750 23
3 0.433 9

Fe 17 0.100 31
Ca 17 12.6 7
23 110 8

Mg 23 1.98 9
20 22.0 5

17 35.6 17

Na 26 3.44 9
19 43.7 4

23 78.8 4

K 15 0.8 14
32 5.2 11

L1 10 0.054 9
18 0.484 5

Ccl 10 1.56 26
9 194 4

F 13 0.62 16
6 1.1 26

14 3.8 11

B 9 0.072 78
S 0.522 14

S0, 16 21.0 6
5 104 5

16 141 6

St 17 82 34
8 1,400 9
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